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PREFACE 


This book, as its name implies, is intended to serve as an intro- 
duction to the subject with which it deals, and not in any way as a 
complete treatise upon it. Tlio science of “ protozoology,” as it is 
now generally termed, covers a vast field, and deals with an immense 
series of organisms infinitely varied in form, structure, and modes of 
life. In recent years the recognition of the importance of the 
Protozoa to mankind in various ways, and especially from the 
medical point of view, has focussed attention upon them, and has 
brought about a great increase of our knowledge concerning these 
forms of life. To set forth adequately and in fuU detail all tliat is 
now known about the Protozoa would be a task tliat could not bo 
attempted in a volume of this size, but would require a work many 
times larger. 

The aim of the j) resent work is essentially didactic — that is to say, 
il is intended to furnisli a guide to those who, having at least some 
general knowledge of biology, desire a closer acquaintance with the 
special problems presented by the Protozoa. First and foremost, 
it attempts to define the position of these organisms in Nature, and 
to determine, as far as possible, in this way exactly what should be 
included under the term “ Protozoa,” and what should bo excluded 
from the group. Secondly, its function is to guide the student 
through the maze of technicalities necessarily surrounding the study 
of objects unfamiliar in daily life, and requiring, consequently, a 
vocabulary more extensive than that of common language ; and 
witli this aim in view, care has been taken to define or explain fully 
all technical terms, since confusion of thought can be avoided only 
by a clear understanding of their exact significance and proper 
application. Thirdly, it aims at introducing the student to the 
vast series of forms comprised in the Protozoa and their systematic 
classification, based on their mutual affinities and inter-relationships, 
80 far as these can be inferred from their structural peculiarities and 
their life-histories. And, incidentally, attention has been drawn 
specially to those parts of the subject where the Protozoa throw 
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great liglit on some of tlio fundamental mysteries of living matter— 
as, for example, sex — and a special chapter dealing with the 
physiology of the Protozoa lias been added. 

In so wide a field it is almost necessary to exercise some favour- 
itism in the choice of objects, and greater stress has been laid in 
tliis work upon the parasitic forms, botli on account of the many 
interesting biological problems which tliey present, and also because 
they come into closer relationship with the practical needs of human 
life than the non-parasitic species. The author wishes, however, 
to point out clearly that he is not a medical man, but one who 
approaches the study of tlie parasitic Protozoa solely from the 
standpoint of a naturalist who is more concerned, so to speak, with 
the interests of the parasite than with tliose of the host. Conse- 
quently, purely medical problems— such as, for example, the 
symptoms and treatment of diseases caused by trypanosomes and 
other Protozoa— are not dealt with in this book, since the author 
deems it no part of his task to attempt to instruct medical men 
concerning matters with which they are better acquainted by their 
training and experience than himself. The needs of medical men 
have, however, been specially kept in view, and the author hopes 
that the book will succeed in supplying them with useful informa- 
tion, at least from a general zoological or biological standpoint. 

In a science, such as protozoology, which is growing actively and 
receiving continually new additions, and in which most of the data 
are based upon an elaborate and delicate technique, there are 
necessarily many controversial matters to be dealt with. In such 
cases the points at issue have been reviewed critically, and the 
author has, wherever possible, attempted to give a lead by indicating 
more or less decisively what is, in his opinion, the most probable 
solution of the problem under discussion. Such judgments, how- 
ever, are not intended to be put forward in a dogmatic or polemical 
spirit, since the author recognizes fully that any conclusion now 
reached may be upset entirely by fresh evidence to the contrary. 

The vast literature of the Protozoa would, if cited in full, easily 
fill by itself a volume of the size of the present one. It has been 
necessary, therefore, to restrict the limits of the bibliography as 
much as possible, both by selecting carefully the memoirs to be 
cited and by abbreviating their titles. The works selected for 
reference comprise, first, comprehensive treatises which deal with 
the subject, or with some part of it in a general way, and in which 
full references to older works will be found ; secondly, classical 
memoirs on particular subjects, also containing, as a rule, full 
bibliographies ; and, thirdly, such memoirs of recent date as lia^H 
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been deemed worthy of citation. In the many cases where the 
same authors have published several works on a given subject, only 
the last of them is cited— for example, the volume of researches 
published recently by Mathis and L^ger (473) covers the ground of 
the earlier memoirs published by these authors, which arc therefore 
not cited ; similarly, the memoir upon amoebaj by Niigler (95) 
covers the earlier work of Hartmann and Niigler upon Amoeba 
diploidea. Since it was quite impossible to make the bibliography 
in any way exhaustive, the aim has been to make it, like the rest 
of the book, introductory to the subject. It is hoped that any 
reader wlio, desirous of pursuing further some special subject, 
consults the refenmees cited will find in them and in the further 
works quoted in them tlie means of acquiring complete information 
with regard to modern knowledge concerning all tlie points in 
question. The following classes of memoirs are not cited, however, 
in the bibliography, unless there was some special reason for doing 
so : faunistic works, papers describing new species, and writings of 
a polemical character. 

New memoirs on Protozoa arc being published continually, so 
rapidly, and in so many different periodicals (some of thorn very 
difficult to obtain), tliat the autlior fears lie may himself liave 
overlooked many such, especially of those publications which Iravo 
appeared very recently, wliile the book was in course of preparation. 
For sucli omissions, some of which have already come under his 
rtotice, lie can but apologize, and at the same time promise that 
tlicy shall be rectified in future editions, if the patronage of those 
interested in the subject enables further editions of this book to bo 
published. Tlie present edition does not, however, profess to deal 
with works published later tlian 1911. 

In order to further the object of making tliis book a guide to the 
technicalities of tlie subject, the plan has been adopted of printing 
in heavier black type in the index the numbers of those pages on 
whifli the term cited is fully explained, or, in the case of taxonomic 
names, is referred to its place in the systematic classification. In 
this w^ay the index can be used as a glossary by anyone wishing to 
ascertain the significance of a technical term, or, though necessarily 
to a more limited extent, the systematic position of a genus, family, 
or order of the Protozoa. All that is necessary for this purpose is 
to look up the word in the index, and then to turn to the page or 
pages indicated by black typo. 

The author has, in a few cases, modified the technical terminology 
in current use, or has made additions to it. The adjective in general 
use relating to chromatin is “ chromatic,” with its various deriva- 
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tives (“ achromatic,” etc.) ; since, however, these adjectives have 
a totally different meaning and use in optics, they have been altered 
to chromatinic, etc., in so far as they relate to chromatin. New 
terms used in this book are diromidiosome (p. 65, footnote), endosome 
(p. 73), as an equivalent to the German Binnenkorper, and gregarinula 
(p. 169). 

In conclusion, it is the author’s pleasant duty to return thanks to 
those of his colleagues who have kindly rendered him assistance in 
his task. He is esj)eeially indebted for much help and many 
valuable suggestions and criticisms to Di. H. M. Woodcock, whoso 
unrivalled knowledge of recent bibliography has been thrtnighout of 
the utmost assistance ; and to Dr. J. D. Tliomson and Miss Muriel 
Robertson for many helpful discussions upon matters of fact or 
theory. Dr. A. G. Bagshawe, Professor J. B. Farmer, F.R.S., Mr. 
W. F. Lanchester, Dr. C. J. Martin, F.R.S., and Dr. P. Chalmers 
Mitchell, F.R.S., have kindly read through some of the chapters, and 
have given valuable advice and criticism. In justice to these gentle- 
men, however, it should be stated that they are in no way responsible 
for any of the theoretical opinions put' forward by the author. The 
majority of the figures have been specially drawn from the original 
sources, or from actual preparations by Mr. R. Brook-Greaves and 
Miss Mabel Rhodes, to both of whom the author’s best thanks 
are due. 

Lister Institute of Preventive 
Medicine, Chelsea, S.W., 

Jtibj 1 , 1912 . 
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AN INTRODUCTION TO THE STUDY 
OF THE PROTOZOA 

CHAPTER I 

INTRODUCTORY— THE DISTINCTIVE CHARACTERS OP THE 
PROTOZOA AND OF THEIR PRINCIPAL SUBDIVISIONS 

The Protozoa are a very largo and iHiportant group of organisms, 
for the most part of minute size, which exhibit a wide range of 
variation in structural and developmental characters, correlated 
with the utmost diversity in their modes of life. Nevertheless, 
however greatly adaptation to the conditions of life may have 
modified their form, structure, or physiological properties, a certain 
type of organization is common to all members of the groii]). The 
most salient feature of tho Protozoa is their unicellular nature ; 
that is to say, the individual in this subdivision of living beings is 
*an organism of primitive character, in which the whole body has 
the morphological value of a single “ cell,” a mass of protoplasm 
containing nuclear substance (chromatin) concentrated into one or 
more nuclei. However complex the structure and functions of the 
body, the organs that it possesses are parts of a cell (“ organella) ”), 
and are never made up of distinct cells ; and at least one nucleus 
is present, or only temporarily absent, as a constant integral part 
of the organism. The unicellular nature of the Protozoa, though a 
constant character, cannot, however, be used by itself to define 
the gi^oup, since it is also a peculiarity of many other distinct types 
of simple living things. 

As an assemblage of organisms of primitive nature frozn which, 
in all probability, tho ordinary plants and animals have originated 
in tho remote past by divergent processes of evolution, the Protozoa 
have always possessed very great interest from the purely scientific 
and philosophical point of view. Of recent years, however, they 
^ have also acquired great practical importance from tho relations 
‘that have been discovered to exist between Protozoa of parasitic 
habit and many diseases of man and animals. Hence tho study of 
the Protozoa has received an immense impetus, and has been 

1 
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cultivated zealously oven by many who are not professed biologists, 
with the result that our knowledge of these organisms has made 
very great strides in the last two deeades, and is advancing so 
rapidly that it becomes increasingly difficult for any single person 
to kee|) pac(^ with the vast amount of new knowledge that is pub- 
lislu'd almost daily at the present time. 

Wdiihi th(^ attention that is now focussed upon the Protozoa has 
l(‘d to a most gratifying increase of scientific and medical knowledge 
eoiusu-ning particular forms, it tends freipiently to a certain vague- 
n(\ss in the notions held with n^gard to the nature and extent of 
tlui group as a whole. This is ow’ing largely to the fact that many 
are now attracted to the study of the Protozoa whose aims are 
])ur(ily ])ractieal, and who investigates only a limited number of 
H])oeies in minute detail, without having an adeepiato foundation 
of geuieral knowledge concerning other forms. Hence it is important 
to attempt to frame a geiuual deffinition of the Protozoa, or at least 
to charaetes'ize these organisms in such a way as to enable a dis- 
tinction to be drawn between them and other primitive forms of 
life. This objend may bo attained logically in two ways — either by 
eonsichu'ing the distinctive* charact(irs of the group, or by enu- 
merating the ty])es of organisms which constitute it ; in more 
technical phraseology, by determining either the connotation or the 
denotation of the term Protozoa. To attempt this task will bo 
tbo object of the present chapter. 

The name Protozoa was first used in 1820* as an equivalent 
of the (lerman word Urthierc, meaning animals of a primitive or. 
archaic type. This fitting designation superseded rapidly the older 
tenu Infusoria {InjusioTislhiercheyi), used to denote the sw^arms 
of microscopic organisms which make their appearance in organic 
infusions exposed to the air. The Avord Infusoria is now em- 
])lo^ ed in a restricted sense, as the name of one of the principal 
subdiv isions of the Protozoa (pp. 12 and 430). 

The first attempt at a scientific definition of the Protozoa was 
given by von Siebold, who defined them, from a strictly zoological 
standpoint, as unicellular animals. This definition, or a modifica- 
tion of it, IS still the one given, as a rule, in zoological textbooks ; 
and from this time onwards the animal kingdom was subdivided 
universally into the l^otozoa and the Metazoa. The Protozoa, 
as organisms in which the individual is a single coll, are regarded 
as those which come first {npQ^ro^) in the ascending scale of animal 
life, or m the course of organic evolution; the Metazoa, in which 

he individual is an organism composed of many cells, come after 
the simpler forms of life in rank and time. ' 

800* BiZchU (2rpp!^^xviii?' knowledge of the Protozoa. 
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Siol)okrs generalization was a great step in advance, introducing 
clear and orderly ideas into the place of the chaotic notions pre- 
viously hold, and setting definite limits to the group Protozoa by 
excluding from it various types of organisms, such jis vSponges, 
Rotif(‘rs, etc., which had hithiu-to been classed tis Protozoa, but 
which were now referred delinitely to the Metazoa. Nevertheless 
Siebold’s definition presents many difficulties, especially wluui con- 
sidered from a wider standpoint than that of the zoologist. 'I'his 
will be apparent if the two words of the definition given above, 
“ unicellular animals,” bo considered critically. 

1. “ Unicellular ” — Accepting the standpoint of the cell-theory, it 
has already been noted tliat many other organisms besides Protozoa 
must bo regarded as single cells. Moreover, it is found that many 
organisms which must be classed as Protozoa appe^ar constantly in 
a multicH'Jlular condition ; such are the well-known genus Vohox 
and its allies, l)esides examples of other orders. In all cases of this 
kind, hov ever, tlui constituent cells are mor))hologi(!ally etpiivahmt, 
and are to be regarded jis complete individuals more or l(^ss ind(^- 
])endent, showing as a rule no differentiation, or, if any, only into 
re])roductivo and vegetative •individmtls ; and the multicellular 
organism as a whole is to be Kigarded as a colony of uni(;(‘llular 
individuals primitiv('ly similar but secondarily diffi^rentiated, it may 
b(!, in relation to special functions. Such multicellular Protozoa 
present, in fact, a perfect analogy with the colonial forms seen in 
many groups of animals higher in the scale, cspcKjially the Ccelentera, 
whtTe also the members of a colony, primitively equivalent and 
similar amongst themselves, may become differentiatcHl secondarily 
for tli(^ performance of distinct functions by a process of division 
of labour among different individuals. It is not possible to con- 
found the multicellular Protozoa with the Metazoa, in which the 
organism is not only composed of many cells, but exhibits also 
cell -differentiation based on mutual physiological dependence of 
the cells on one another, loading to the formation of distinct tissues ; 
that is to say, aggregations or combinations of num(irous cells, all 
specialized for the performance of a particular function, such as 
contraction, secretion, and so forth. 

The essential feature of the Protozoa, as contrasted with the 
higher animals or plants, is to be sought in the independence and 
physiological completeness of the cell-individual. The Metazoa 
‘^ro tissue-animals, in which the primitive individuality of the cell 

subordinated to, or has a restraint imposed upon it by, the 
corporate individuality of the cell -aggregate. In the Protozoa the 
«cll8 are complete individuals, morphologically and physiologically 
of equal value. If, however, as few will doubt, the Medazoa have 
^^H*n evolved from simi)le unicellular ancestors, similar to the 
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l^otozoa, then there must have existed an unbroken series of 
transitions between these two types of living beings. Hence, as 
in all attempts to classify living beings, sharp verbal distinctions 
between Protozoa and Metazoa are rendered possible only through 
the extinction of intermediate forms, or by ignoring such forms if 
known to exist. It is expedient rather to recognize distinct types 
of organization characteristic of the Protozoa and the Metazoa 
respectivtily, and to compare and contrast them, than to attempt 
to limit these gi’ou2)s by i)recise definitions. 

2 . “ Animah'' — This part of the definition raises more difficulties 
than their cellular nature. In the higher forms of life the distinc- 
tion between animals and plants is an obvious and natural one ; it 
is by no means so in the lower organisms. In the ranks of the 
simplest living creatures, those of animal nature are not marked 
off by any sharply defined structural or other features from those of 
vegetable nature, and cannot be separated from them in any scheme 
of classification which claims to bo founded upon, or to ex2)ress, the 
true natural affinities and relationships of the objects dealt with. 
As will b(^ ex2)laiuod more fully in the next and subsequent chapters, 
the distinction between anihxal and tegetable is, at its first apptuar- 
anco, nothing but a difference in the mode in which the organisms 
obtain their living. Forms that are obviously closely allied in all 
tluur characters may differ in this respect, and in some cases oven 
one and the same species may nourish itself at one time as a plant, 
at another as an animal, according to circumstances. In short, the 
difference botw'een plant and animal is primarily a distinction based 
upon habits and modes of life, and, like all such distinctions, does 
not furnisli characters that can bo utilized for systematic classifica- 
tion until tlio mode of life has continued so long, and the habit has 
become so engrained, as to leave an impress upon the entire 
structural characteristics of the organism. 

The Ih*otozoa cannot therefore be defined strictly and con- 
sistently as organisms of animal nature, for, though the vast majority 
of them certainly exhibit animal characteristics, it is impossible to 
exclude from the group many which live temporarily or pormaYiently 
after the manner distinctive of the vegetable kingdom, and which 
are plants, to all intents and purposes, leading on in an unbroken 
scries to the simidcst alga?. 

tor this reason it has been proposed to unite all the simplest and 
most jxrimitive forms of life in one “ kingdom ” under the title 
Ih-otista (Protisienreich, Haeckel), irrespective of their habit of life 
and metabolism, whether animal or vegetable. The kingdom 
Protista is then to be considered as equivalent in systematic value' 
to the animal and vego^ble kingdoms, which in their turn are 
restricted in their application to true animals and plants as ordinarily 



DISTINCTIVE CHARACTPmS OF THE PROTOZOA 5 

undrrstood. Tho term Protista thus unites under a .sin^rJo 
systematic cak^gory the vast assemblage of simple and primitive 
living beings from which the animal and vegetable kingdoms have 
taken origin, and have developed, by a continuous procHvss of 
natural evolution, in different directions in adaptation to divergent 
modes of life. 


Tho concoption of a Protistan kingdom separato from tho animal and 
vogotablo kmgtoma is oi)cn to tho objection that it contains organisms 
which aro indubitably of animal or vogotablo 
nature rcsixictivoly. Tlio relations of tho 
Protista to other living things may be repre- 
sent ed graphically by tlio accompanying dia- 
gram (Fig. 1), where the circle repro.scnts tho 
Protista, the two triangles tho animat and 
vogotablo kingdoms re.spcctivoly. It is soon 
that tho separation of tho Proti.sta as a 
sy.stematic unity cuts across tho ascending 
scries of evolution ; to express it figuratively, 
it is a traiLs verso cleavage of the [ihylogonetic 
“ tree.” A truly natural classification of living 
things, however, is one which expresses their 
genetic affinities and follows th«ir tXKligroos 
and lines of descent ; it should represent a 
viwlical cleavage of tho ancestral tree. Judged 
by this standard, tho kingdom of tho Protista 
can only bo regarded as a convemiont makeshift 
(jr compromise, rather than as a solution of a Fki. 1.— (Iraphic representa. 

1 nainoly, of giving a tion of tho relation of tho 

animal and vegetable king- 
doms to the kingdom of the 
Protista ( Prolistcnrcich). 
The Protozoa are represemted 
by tho portion of tho triangle 
representing tho animal 
kingdom vmich lies within 
tho circle representing tho 
Protista. 



natural classification of the mo.st primitive 
forms of life. 


Whether the kingdom IVotista be 
accepted or not as a natural and valid 
division of living beings, it is imperative 
to subdivide it further, not only on 
account of its vast extent and unwieldy 
«ize, but also because it comprises organisms very diverse in nature, 
requiring for their study tho application of methods of kchniquo 
and investigation often entirely different in kind. Hence in actual 
practice the Protista aro partitioned among at least throe different 
classes of scientific workers — zoologists, botanists, and backri* 
ologists each studying them by special methods and to some extent 
from different points of view. 

It is necessary, therefore, to consider from a general standpoint 
f^e principal types of organization comprised in the kingdom 
rotista, and we can recognize at the outset two chief grades of 
^structure, bearing in mind always that transitional forms between 
them must exist, or at least must have existed. 

In tho first grade, which is represented by the Bacteria and allied 
groups of organisms, a type of organization is found which is 
probably the more primitive, though by many regarded as the 
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result of degeuoration and specialization. These organisms do not 
conform to the type of structure of the cell, as this word is usually 
uiuhrstood, since they do not exhibit, speaking generally, a division 
of the living body substance into a nucleus distinct from the 
cytoplasm ;* but the chromatin is distributed through the proto- 
plasmic body in the condition of scattered lumps or granules 
(“ chromidia ”), and in many cases it constitutes, apparently, the 
whole or a very largo proportion of the substance of the body. 



^ inV individual in active movement; the arrows 

< wpction of the currents in tlu^ ])rotopla8m ; at r is seen a ])seudo- 
liLn ' ^ ^ *** nearly comj)kdely retracted and has assumed a mulberry- 

eii.l i r-r.. contractile vacuole;/., fa‘cal matter extruded at tiic 

nimnUv . postei'ior in movement; the nucleus is obscurx.‘d by the 

/L^ J piotoplasni. /h An individual in the act of capturing ita prey 

11 ih, wnV.l'lt"™'' ''"■“■<•".''•“"0; two psouJoiioclia liavc Howcel rouiul it, 

Iiifumirian ^ .,3^^ the point c, enclosing the prey ; another 

le ^rin^ V^ l>0dy;V. nucleus ; other 

letters as m A, AfU^ Ixudy (220), magnified 200 diameters. 


pii tlior, the body in organisms of tho bacterial type is of definito 
toriu, limiUxl m many cases by a rigid envelope or cuticle, and 
HK-eial organs of locomotion are either absent or present in tho 
orm o so-ca ed flagella, structures perhaps different in nature 
lom the flagella of truly cellular organisms. But the most remark- 
se. n ffatwe of organisms of tho bactorial typo is 

10 many different modes of metabolism and assimilation 
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seen to occur amongst them. Although their metabolism is in 
general distinctly of a vegetative or saprophytic typo, it often 
exhibits peculiarities not found in any true plant.* 

In the second grade of the Protista, the organism possess(^s the 
characteristics of a true cell, in that the body shows a difhTentia* 
tion of the living substance into two quite distinct parts — the 
cytoplasm, or general body-protoplasm, in which is lodged at least 
one nucleius, a body representing a concentration and organiza- 
tion of the chromatin-substance. In some cases the nuclear sub- 
stance or cliromatin may bo in the scattered, chromidial condition 



riG. .3 . — Aciinosphmrium eichhornii, cd.. Ectoplasm; end., endoplasm; c.vA, a 
Contractile vacuole at its full size ; c.v.^, a contractile vacuole which has just 
burst ;f.v.,f.v., food vacuoles ; D., a largo diatom engulfed in the ])rotoplasm ; 
ps., pseupopodia ; N., one of the numerous nuclei. After Lcidy (220), magni- 
fied 250 diameters. 

during certain phases of the life-liistory, but such a condition is 
con^paratively rare and probably always temporary. The body- 
protoplasm may bo limited by a firm envelope, or may, on the other 
hand, bo naked, in which case the body-form may bo quite in- 
definite. Organs of locomotion, when present, are of various kinds ; 
and these organs may serve also for the capture and ingestion of 
lood. And, finally, the metabolism is always one of the four types 

* For a summary and review of different modes of metabolism among bacterial 
o^nisms, see article “ Fermentation ” in Thorpe’s “ Dictionary of Applied 
.thomistry ” (Longmans). 
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4 . — Ktujlrna {tpi, 
rixj!/r(i. uif., (Ksoplia- 
gus stigma ; c.r., 
rt‘S(>rvoir of tlic coii- 
tiuctilo vacuolo; l\P 
rnnimylum - bodies J 
A., nucleus. After 


* of the 

P ft iHi.torinr ^ ’ A'}**™'! Hagolla, thiTC ill number ; 
nmil.lir ' Hagcllum, forming the edge of tho 
format “ '•'^matinic lino," 

^ WephiroplasX^m which 
axoK aT ’ *«outh-opening ; N., nucleus 

•' After Martin and Robertson. 
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method of subdividing thorn is purely arbitrary and artifieial ; it 
leads to the result that many forms are claimed by both sides, and 
are always to be found described in botli botanical and zoological 


treatises. It is nevertheless convenitnt for 
many rtuisons to retain the group Protozoa, ev(Mi 
though we are obliged to include in it some 
forms which ani plants in every sense of the 
word. TIh^ systematist who desires to give a 
rigitlly logical definition of the Protozoa is, 
then, confronted with a dilemma : either to 
i^xelude from it forms with plant-like metab- 
olism which naturally belong to it, or, by 
admitting such forms, to impair the universal 
apjdicability of the definition given. kSucIi 
difficulties arise in every attemj)t to apply 
rigid vi^bal definitions to natural gi’oups of 
living things ; they are the direct outcome of 
the fact that all organisms have undergone and 
are undergoing a ])roccss of evolution^ wlu^reby 
they adapt themselves to now conditions of 
life and acquire new characters, .as a result of 
which any two forms now distinct are or 
have been, connected by intermediate forms. 



Flo. fi. — Trypanosoma remaki of the pike. A, Slender 
form {“ var. parva ”). B, Stout form (*‘ vary 
magna ”). After Minchin, x 2,000. 



individuals attached 
to one another. In 
each individual, N., 
nucleus; pr., proto- 
morite, or anterior 
segment of the body; 
d., deutomerito, or 
posterior segment. 
After Schnei^r. 
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The att(5m|)t, therefore, made in the following paragi’aph to give 
a diagnosis of tlio Protozoa must not be regarded as a definition 
of the group in the rigidly logical sen.s<^ but merely as the construe* 
tion of a general typ(». the characters of which are liable to a 
(au’tain amount of variation in spcudal cases — a compromise between 
the claims of logic and the versatility of Nature. 

The Protozoa, then, are Protista 
in which the organization is of the 
cellular ty[)e, with nucleus distinct 
from the cytojdasm. They are uni- 
cellular, in the sense that the cell 
constitutes an entire individual, 
which may exist singly and in- 
dependently or in the form of cell- 
colonies ; but in the latter case the 
cells are not subordinated to the 
individuality of the entire c(;ll- 
aggre^gate by the formation of 


Fkj. S. Sicutor rov-nlii, fully oxpamUHl. 
u.-f., tEsophagus; A', band-likematux)- 
mu'lous ; c,r., contract ilo vacuole, con- Fu:. 9.-- N i/c loth crus cordijonnis, 
ncclcawiMi a long{mling-canal(/.r.) ])ara«itc of tlio rectum of the fmg 

stretching down the body; II. gtdat- N, Macronucleus ; micronucleus ; 

mous hous<> mto which the animal fjr., mass of granules in front of the 

can lytract itstdf coini>lctely tibres macivnuicleus ; as., lesophagus ; c.v. 
atUelung the extremity to the sUlk eoutractilo vacuole ; an , anus 

to the house. After Stein. (^-ytopyge). After Stein. 

tismuvs. Tlio body protopbvsm is naked or clothed with a firm 
envelope, which is usually not of the nature of cellulose. Croto- 
Vlasime organs are usually present for purposes of locomotion and 
for the capture and ingi>stion of food. Clilorophyll is usually 
absent as a cell -constituent, and the metabolism is usually of the 
animal tyi*. To those clnvracters it may be added, though not 
as special peculiarities of Protozoa, that reproduction Ukes place 
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ivlwivyH by some form of fission— that is to say, division of tlio boily 
into smailor inirts ; tliat tlio plienonuma know n as “ syngamy ” and 
“ sox ” occur, iicrhaps nnivcrsally, throngliont tlio group ; and tliat 
it is vorv cbaractoristic of 


IS very 
Protozoa, as comparod witli 
oilier Protista, to exhibit in 
their life-history a develop- 
mental cycle, mor(^ or less 
complicated, in the course of 
which the organism may appear 
under very different forms at 
different stages in its develop- 
ment. 

The Protozoa, as thus under- 
stood, are commonly divided 
into four main subdivisions, 
termed “classes.” Other 
methods of classifying the 
Protozoa have been suggested, 
which will be considered laU^r ; 
for the present the old- 
established subdivisions are 
sufficient for our purpose. 

Class I., Sarcodina.* — 
Protozoa in which the proto- 
plasmic body is naked or non- 
corticate — that is to say, 
without a limiting envelope 
in the form of a cuticle, 
membrane, or stilT cortical 
layer ; consequently the body 
tends to be either more or less 
spherical in ffoating forms, oi 
to have an irregular, con- 
tinually changing shape in 
creeping forms. Organs serving 
for locomotion and capture of 
food are furnished by tem- 
porary extensions of the living 
protoplasm, termed pscudo- 
P'Jilia, A skeleton or shell 
may be present. Examples 


S 

A 



Fic. 10.— -Iciwc^rt (jrandii. 

theca ; s., sucUirial Ufutacles. 
Saville Kent. 


fit., Stalk ; til., 
After 


* The name ia denv(.‘d from sarcode, this tt;rm coinwl by lJujardin to denote 
the living substance, subaequontly named by von Mohl protoplasm, the term now 
universally omploycfd. 
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ai(! AiiKuha (Fig. 2), (Fig. 16), Adinospfmrium 

(Fig. ii), oto. 

( ■LASS II., MASTKJorHOKA.*— Protozoa in which the organs of 
locomotion and food -cap tniu^ in the adult arc flagella, slender fila- 
nuuits which arc capable of performing iu;tivc whip-like, lashing 
movements. The body-protoplasm may he naked or corticate. 
Fxamples are Eiigkna (Fig. 4), Trichommms (Fig. 5), Tryfanosoma 
(Fig. ()), etc. 

(’lass III., ScoiiozoA.— Protozoa occurring always as parasites 
of other organisms, and without definite organs for locomotion or 
ing(‘stion of food in the adult condition. The reproduction takes 
pliw-e, typically, by formation of resistant seed-like bodies, termed 
.sporov, containing one or more minute germs, termed sporozoites. 
blxamples arc (Iregarina (Fig. 7), Coccidium (Fig. 152), the malarial 
parasites (Kig. 156), etc. 

Class IV., Infusoria. — Protozoa in which the organs of loco- 
motion and food-ca})tur(^ are cilia, small vibratile filaments dis- 
tinguished from flagella by their smaller size, by differences in 
their mode of movement, and 'by being present usually, in primitive 
forms at hnxst, in great numbers like a tine fur over the whole or 
a ])art of the surface of tlu^ body. The cilia may be present through- 
out lif(^ (subclass (,’iliata), or only in the early stages of the life- 
history (subclass Acinetaria). The body-protoplasm is always cor- 
ticate. Fxamples are Eientor (Fig. 8), Nyctotherus (Fig. 9), Acmeta 
(Fig. 10), etc. 


Bibliography . — For a list of gcmeral works on Protozoa, see p. 476. 
■" Dprivnl from tlio Orcok lAacn^, a whip, ('(piivalcni to the Ijaiia fltujellum. 
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THE MODES OF LIFE OF THE PROTOZOA 

Protozoa, as simple protoplasmic organisms, can only exist in an 
active state in a fluid medium. Hence the free-living, non-parasitic 
forms are acpiatic, either marine or fresh-water in habitat. A 
certain number of species, however, are semi-teiTestrial in tlieir mode 
of life, creeping on damp surfaces or living in a minimum of 
moisture. Examples of such forms are the Amad)a', etc., found in 
the soil, or Mycetozoa, which in the plasmodial phase (p. 2119) creep 
on tree-trunks, logs, and so forth. None of those forms however, 
can remain active in perfectly dry tfurroundings, but pass into a 
resting state when desiccated. 

It has been stated already that the methods by which Protozoa 
gain their livelihood vary greatly in different cases. Considered 
generally, these methods may be classified under four types : 

L The majority of Protozoa nourish themselv<^s after the manner 
of animals — that is to say, they are entirely dependmit for food and 
sustenance on other organisms which they capture, devour, and 
digest. Such forms arc said technically to be holozoic, a word sig- 
nifying “ completely animal-like they are unable to utilize simpler 
chemical substances in order to build up the protein constituents 
of the living body, but require proteins ready-made for their 
sustenance. 

II. A certain number of Protozoa — all, with rare exceptions, 
belonging to the class Mastigophora — possess in their body-sub- 
stance peculiar colour-bearing corpuscles, so-called chrormtophorea or 
chromoplasts, containing chlorophyll or a pigment of allied nature, 
by means of which they are able to decompose carbon dioxide in 
the sunlight, liberating the oxygen and making use of the carbon 
in order to build up the protein and other constituents of the living 
body. Such organisms are entirely similar in their metabolism 
to the ordinary green plants, and arc hence termed holophytic. or 
“ completely plant-like.’' 

The holophytic condition, in which the chlorophyll- bodic.s form an integral 
part of the structure of the body, and are to bo Regarded simply as proto- 
plasmic organs, must bo distinguished carefully from a state of things often 

13 
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found in holozoic Protozoa of all classes — namely, the presence in the body 
substance of symbiotic indejxiiident organisms of vegetable nature, as described 
below. 

111. A certain number of Protozoa that have no chlorophyll or 
similar pigment in their bodies are, nevertheless, free from the 
necessity of preying upon other organisms in order to obtain their 
sustenance, since they arc able to live upon organic substances in 
solution, the products of the metabolism or decay of other living 
(organisms. ISuch forms are termed saprophjtic (or saprozoic), since 
t heir mod(5 of life is similar to that of a saprophyte, such as a fungus. 
It is not necessary that tluw should be supplied with ready-made 
pnjteins in tlunr food, since they are able to build up their protein 
constituents from substances of simpler chemical nature. Many 
e.xamples of saprophytic forms are found amongst the free-living 
Elagellata. 

baulorborii (17) has coined the useful term mpropdic (from tho Greek 
7rr/X(is', mud) to demote a mode of life whiedi must Ixi regarded as a special 
type of the sajeropliyt ic method, partly also of the holozoic- namely, the 
modee ol life (if those fresh- water organisms that live in a mud or ooze composed 
almost entirely of the decaying remains of dead plants and other debris of 
a similar nature. A very characteristic fauna occurs under these conditions. 

IV . hinally, many Protozoa of all classes live as ptrasites — that 
is to say, at the expense of some other living being, which is termed 
tlu^ hod. 

'rh(\so four modes of life can bo used only to a very limited extent 
for classilumtory i)urpos(>s ; it is only possible to do so in those 
cases where a ])articular hal)it of life, long’ continued, has resulted 
in delinite structural characteristics, and more especially in tho 
loss of organs retpiisite for other modes of life— as, for example, in 
the case of the subdivision Phytollagellata, of the order Flagellata, 
where the holophytic habit has become so ingrained that only 
structural features proper to vegetable life are retained. 

In other cases it is clear that a given habit of life in different 
organisms does not necessarily indicate close affinity between them. 
In the first place, wo find closely allied forms living in different 
ways. Examples of all tho four methods of metabolism described 
above are to bo found in tho single order FlageUata, and through- 
out the Protozoa there are commonly to be found parasitic forms 
closely allied to free-living forms. In tho second place, different 
t> 7 )es of metabolism may be found as transitory phases in the life 
of one and the same individual or species. Thus tho common 
Kmjlcna (Fig. 4), a flagellate possessing chromatophores and living 
normally m a holophytic manner, is able to maintain itself as a 
saprophyte if deprived of the sunlight' necessary for a holophvtic 
mode of life (p. 188) Striking examples of variability in \he 
mode of nutrition are seen also in the section Clirysomonadina of 
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tho Flagollata, where a given species may he either helozoic or 
holophytic,* according to circumstances. 

Tho bionomics of Protozoa — tliat is to say, their relations to their 
environment and to other organisms — constitute a very im])ortant 
brancli of knowledge, both practical and theoretical, es])eeially in 
th(i case of parasitic forms. Considering tho subjcict from the point 
of view of tho four modes of life alnuidy dc^serilx^l, it is clear, in 
the first place, that the holophytic forms are tmtirely imh^peiideiit 
of all other living organisms, and recpiire for tluhr eontimu'd 
existence only sunlight and a suitable environment, containing the 
necessary inorganic substances, at a temperature which permits 
tho continuance of vital processes and activities. 

Saprophytic organisms, however, in so far as they rc^quiro for 
their sustenance materials produced by living bodies, are (le])(M\dent 
directly or indirectly U])on other organisms for their (existence. 
Purely holozoic forms, also, cannot exist without other forms of 
life upon which, or upon tho products of which, they can hunl. 
But neither holozoic nor saprophytic organisms are (lej)(m(lent, 
as a rule, upon any other particular form of life, but only u])on living 
things generally ; though in some cases inch forms may l)o specialized 
in their nutrition to such an extent as to be unable to exist without 
some particular food. 

A parasitic form, on the other hand, is entirely depemhmt, as a 
rule, for its existence on some particular organism or limited group 
of organisms which constitute its host or hosts. It must, however, 
be understood clearly that an organism living in or upon the body 
of another organism is not necessarily a parasite by any means. 
In the first place, a distinction must be drawn between parasitism 
and symbiosis, by which is meant an association of two organisms 
for mutual benefit. f Good examples of symbiosis are seen in 
some of tho Sarcodina, Radiolaria, and Foraminifera, the proto- 
plasm of which contains constantly intrusive organisms, known as 
zoochlorellce or zoomnthellm, according as they contain a greem or a 
yellow pigment. Zoochlorellge are green algae of the order Proto- 
coccacex ; zooxanthellse are holophytic flagellates of the suborder 
Cryptomonadina — e.gf., Cryptomonas scJuiudinni, symbiotic in the 
foraminifer Peneroplis (Winter, 28). These organisms penetrate 

* For example, the species Chroimtlina flavicans. »See Biitschli (2), vol. ii., p. Sh.*}, 

t The term “ 8ymbio.si8 ” is often much misu.sed, esjH^cially by rnorlical writt^rs, 
by whom it is commonly applied to any association of two difitinct organism.s ; 
for in.stance, “ jjure mi.xed cultures ” of amoeba) with some species of bacillus, 
where the amoebae are simply feeding on the bacteria, arc ofUm spoken of as 
symbiosis,” although the advantage is clearly only on one sitle in such an asso- 
ciation. It should bo understood timt the term ” symbiosis ” is a tf)chnical terra 
of long standing in biology, and is U8<^d not meixdy in its strict etymological sig- 
nificance of “ living together,” but in the special and restricted sense of “ living 
together for tho mutual benefit of the two oi^anisms concerned.” 
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into the body of theif host, lose their flagella, and nourish them- 
selves by means of their pigment, whicli has the nature and proper- 
ties of piant-chloro])hyll ; that is to say, it decomposes carbon dioxide 
in the sunliglit and liberates oxygen. The carbon dioxide is 
obtained from tlie n^spiratory processc^s of the liost, which in its 
turn utilizes the oxygen produced by the symbionts (p. 197), and 
thus ea(!h organism supplies the needs of the other. When the 
host enters uptm its n^productive ])rocesses and l)rcaks up into a 
vast number of swarm spores, the symbionts develo]) flagella and 
swini olT, doubth'ss to scmAv for lodging i^lsewlierc^. 

ft is a matter of conv(uii(mce to distinguish as epizoic those 
organisms whieh live; upon, or ar(^ attached to, and as enlozoic 
those which livi^ within, the body er substance of th(‘ ])artieular 
form of life with whieh tluiy are associated. F]pizoie forms may 
bt^ (Mifirt^ly harmh‘ss to the creature u[)on whieh they occur ; they 
may simply utilizer its body as a coign of vantiige where they readily 
obtain th(‘ir food, wliieh may consist in some cases of nutritious 
sul)stanees dro[)ped or rejected by the animal that carries them ; 
or th<w may obtain the benefits of shelter or transport, especially 
wlien the epizoic form in Question is itself of sedentary habit. 
Kvta'y naturalist is aecpiainbxl with the sea-anemones that live 
habitually upon hermit-crabs, ])robably to the advantage of both 
animals — at all ev(Mits, to the detriment of neither. There are 
many similar ease's among Protozoa. The appendage^s of Oustacea, 
es|)(‘cially of the Cladoee^ra and Co|)e])oda, are often thickly beset 
with sessile N'orticellids and Aeinetaria, which obtain a convenient 
lodging, but provide tlu'ir own board. Other forms occur similarly 
on the stems of hydroids, as, for example, Acineia papillifera on 
(hrdylophora lacustris. Aimeba' are^ found creeping on the exterior 
of Calcareous Si)onges, nourishing themselves on diatoms and other 
organisms. Similar instances could be multiplied indefinitely. 

On the other hand, epizoic forms may be dangerous parasites, 
nourishing themselves at the expense of the animal they infest, 
and sometimes inflicting much damage upon it. It can be easily 
understood that an epizoic form w hich at first lived harmlessly upon 
some animal, drawing its supiflu's of food from the surrounding 
medium, might acipiire the habit ultimately of ol)taining its nourish- 
ment from the living substratum upon which it has planted itself. 
Exam])les of e])izoic parixsites are the flagellate Costia nemtrix 
(p. 272) and the eiliate IcUhyophthirius multifilm (p. 450), both of 
which are epizoic parasites of fishes, attaching themselves to the 
skin and destroying the epidermis ; as a result, the w^ay is left open 
for fungi and bacteria to penetrate the skin, and so produce ulcera- 
tion and suppuration, w Inch may bo fatal. 

All c('itaiu instances of I’rotozoa acting as external parasites are 
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found amongst aquatic animals, and it can bo readily understood 
that a delicate protoplasmic organism could only pass from one 
host to a!U)ther in a tliiid medium, or by the help of special mechan- 
isms adapted to aerial transport or transmission by contact. It 
should be mentioned, however, that some liiiman contagious skin- 
diseases are suspected to be duo to the agency of parasites of the 
nature of Protozoa. * 

Idke the epizoic forms, tliere are many entozoic Protozoa w Inch 
inhahit the bodi(^s, and especially the intestines, of otluu’ animals, 
hut which are in no way to be regarded as ])arasites ; they feed 
merely on vjirious substances to be found then^, sucli as wash? 
[)articles of food, excreted or ficcal matter, or on otlu^r organisms, 
such as bacteria, yeasts, and the like — in short, on substances which 
from the point of view of the host are supertluoiis, or even harmful. 
Many examples of such organisms could be cited ; a good one is the 
common Cftlamydophrys 8lcrcA)rea, found in the hecc^s and digestive 
tract of man and m;uiy animals. The common intestinal llagi^llates 
bchmging to the genus Trichomonas (Eig. 5) and otlun' giuuvra are, 
similarly, not to be Regarded as true [)?^rasites in any sojise of tlie 
word. The common Lophomonas hlallarum (Fig. 45) from the 
intestine of the cockroach feeds chiefly upon bacteria and yeasts. 
Many of these intestinal Protozoa are [)erhaps useful, ratluu’ than 
harmful, to tluur hosts. 

On the other hand, the vast majority of organisms, Protozoa or 
otherwise, that live in the interior of other living creatures aj’e there 
lor no good or useful purpose ; their habitat is alone suflicieiit to 
render them suspect. Two modes of parasitism may be tlistin- 
guished from a general point of view. On the one hand, the para 
site may merely inU^rcept the food of the host and rob it of its 
sustenance. On the other hand, the parasite may noinish itself 
upon the living substance or vital fluids of its host. 

Organisms which rob the host of its food may do so in one of two 
ways. They may appropriate the raw food-mattaual, Avliich tlu^y 
then ingest and devour after the strictly holozoic method of huxling ; 
examples of this mode of life arc possibly to be found in the extensive 
infusorian fauna to bo found in the stomachs of ruminants. Or 
they may absorb the tiuid in-oducts of the digestion of tlni host by 
diffusion tlu’ough the surface of the body of the parasite ; examples 
of this mode of parasitism are to be seen, probably, in the case of 
the Gregarines so common in the guts of insects. Parasites of the 

* For example, the so-called tWridwide.s immilis, a name given to bodies found 
,iu certain South AnK'rieaii sl<iiidi.sea.se.s; sj-e Hlaiichard (b33), p. lOS. Molluscmm 
contagiosum has also been attributed Ui jjarasites referrecl by some to the l*roUy/.<)H. 
In both the.se instance.s, however, the exact nature of the parasitic bodies is far 
from clear ; the parasite of molluscum contagiosum should probably be referred 
to the Chlamydozoa (p. 470). 
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tyjii; that may he denoted as food-robljers aro in general very 
liarnileKs to their hosts. 

Thoso parasites, liowevta*, that nourish themselves on the sub- 
staiu o of tlu! host may produeo the most dangerous elTeets on its 
h(‘altli and \vell-l)eing. As in the ease of the fo(Hl-robbcrs, panusib's 
of this kind may absorb their food in one of two ways. Th(;y may 
devour solid [»orti<ms of tlu; liost's l)ody in a holozoic manner ; an 
e\an4»h5 of tliis is secoi in Enlamohd histolytica (Fig. 00), the parasite 
of aimeliie dysentery, which devours j)orti<»ns of tlie host’s tissue, 
sueli as (^[)ithelial cells, or l)lood-corpuseles. But more usually the 
parasit(>s absorb their nourishment in a iluid form through the 
surface of their body, doubtless by the helj) of enzymes secreted by 
tluuu. IbMiee it is typical of true parasites to have lost all trace 
of s[)ecial organs for the capture, ing(‘stion, or digestion, of solid 
food. 

Just as ill the ejiizoic mode of life a harmless or even beneficial 
commi'usalism may degiuierate by insensible gradations into 
dangerous parasitism, so tlu^ same is true of thi^ entozoic habit. 
All organism which liegins by being a scavenger readily becomes a 
bu)d-robl)er. Loyhoinonas, for instanc(\ may be seen to contain 
starch-grains and other substances which probably belong to tlie 
tood of its iiost. A further but easy gradation leads to the entozoic 
organism di^vouring [lorlioiis of its host. A good example of this is 
seen in two of thi^ mitozoic anuebie of the human intestine : the 
common coU (Fig. 81)) appears to be chieHy a scavenger, 

liarmless to its host, and not deserving the reproach of parasitism ; 
on the otlier liand, E. histolytica is a dangerous ])arasite. So also 
an (‘iitozoic organism, vnIucIi begins by merely alisorbing the pro- 
ducts of digestion, may end by absorbing the substance of its host. 
It is highly probalile that in many entozoic organisms the mode of 
ftHsliiig may vary according to eirmiiustaiices, and that an organism 
which may be a harinUvss commensal under some conditions may 
become a nmre or less dangerous parasite under others. 

The entozoic Protozoa which are truly parasitic may inhabit a 
variety of situations in the boilies of their liosts. In some cases the 
host is anotlu'r stieeies of Protozoon. into tlie body of which the 
intruder tienetrates, living either in the cytoplasm or the nucleus. 
Amceb;e aio viav subject to the attacks of intranuclear parasiUvs. 
and the young stages of many Acinetans are parasitic upon other 
Infusoria. When the host is one of the Metazoa, the invading 
organism ina\ be in liki^ manner intracellular or intranuclear in 
habitat , oi it may [lenetrate intt> tlie tissues, liv'ing amongst and 
betNNeen the constituent (‘ells : er it may inhabit, Hnally, one of the 
internal cavities of the body, such as the digestive tract, general 
body-cavity, si>aces containing blood or lymph, cavities of the renal 
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or urijiary organs, etc., either living fieo in the cavity it inhabits, or 
att<ic9ied to the lining epithelium. 

As diverse as the modtw of parasitism among Protozoa are the 
eih'cts they produce on their hosts. Some parasites produce no 
perceptible disturbance in tho well-being of their host ; oven when 
they (U^stroy cells and portions of tissues, the damage may b(i slight, 
and is quickly made good without appreciable permanent injury 
lantig done. From this condition of more or less perfect harmless- 
ness there is a continuous gradation in the ascending capacity for 
harnifulness, culminating in species which bring about tho death of 
thi‘ir hosts with greater or less rapidity. H(mce parasitic Protozoa 
are commonly distinguished as pathogenic or non-pathogcmic ; but 
since tluTo is no precise limit to tlio degree of sickness or indis- 
position which justities the application of tho tiTin “ pathogenic,” 
it is })erhaps more convenient to distinguish them as lethal or non- 
lethal. It is not possible, however, to lay down hard-and-fast 
distinctions in the^c matters, since a parasite which is not lethal 
under somo circumstances may become so undcjr others ; for instance, 
an animal living a free and natural life may be (piite well able to 
lesist the attacks of parasites to which it succumbs in captivity. 
Moreover, it must bo borne in mind that such terms as “ lethal ” or 
“ pathogenic ” can only be applied to a parasite in its relation to a 
particular host, since, lus will bo shown below, a parasite which is 
harmful to one host may bo harmless to another. 

It is far from clear in what way the [)athogenic elfects of pariisitic 
Protozoa are produced. If the action and reaction of host and 
parasite were relations dependent simply on th(5 number or n^lative 
total bulk of parasites present in a given host, the j)roblems of 
parasitism would be comparatively simple ; but in many cases this 
is obviously very far from being the case, Tho (dfect pnKluced by 
a given species of panisite upon a given species of host is a spcicihc 
reaction, which differs markiKlly when one of the two dramatis 
persotKE is changed. It is not uncommon to find insects with their 
digestive tract or body-cavity crammed with parasitic Gregarines 
of relatively large size, but apparently none the worse for it. On 
the other hand, largo mammals may succumb to the effects of 
minute parasites in relatively scanty numbers — in tho sense, that 
ii^, that the aggregate bulk of the parasites may be infinitesimal 
compared to the bulk of the host. A better comparison is furnished 
by considering closely -allied s|X)cies of parasites and hosts respec- 
tively. A rat may have its blood swarming with Trypanosoma 
^^wisi, without apparently being any the worse for it. On the other 
hand, in a man dying of sleeping sickness, caused by T. gainhieme, 
in a ruminant dying of nagana (tsetse-fly disease), caused by 
brncii^ the trypanosomes may be so scanty as to be exceedingly 
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tliflicult to d(jtoct.* These facts suggest strongly that the parasites 
produce specific toxins ; but tlio “ sarcocystine ” produced by para- 
sib's of the gcuius Sarcocystis (Sarcosporidia)f is almost the only case 
up to the [U'csent, in which a toxin has been isolated from a Pro- 
tozoan parasite. Ijav(^ran and Pettit (19), however, claim to have 
obtained “ trypanotoxins ” from trypanosomes. 

Considering the facts of parasitism generally, as a problem of 
natural history, two guiding principles must be borne in mind 
clearly ; the first is that any organism, parasitic or otherwise, tends 
to 1)0 ada[)ted in the best possible manner to the circumstances of 
its natural environment ; the second is that, so long as a parasite is 
entirely dependent on its host for its existence, it is to its utmost 
disadvantage to bring about the death of its host. When, therefore, 
a given parasite is constantly lethal to a particular host or liosts, 
one of two explanations must be sought for : either the case is one 
of a disharmony — that is to say, of iin[)erfectly'adjusted relations 
between the host and parasite ; or the parasite must obtain from 
the death of the host advantages in the matter of the continuance 
of the si)ecies sulUcieiit to compensate for the temporary loss 
through destruction of individuals. 


I he conditions to which a parasite requires to bo adapted are 
dill’erent in many ways from those that influence the life of a freo- 
living organism. >Vhen once a parasite has obtained a footing in 
its proi)er host, the problem of food-supply is solved for it, shice 
It Imds Itself lodg(Hl in the midst of abundant nutriment so lon^ as 
Its host lives. On the other hand, if the species is to be main- 
tained, It IS essential that the parasite should be able to infect new 
hosts, a d.flicult undertaking, and one in which the chances are 
all against the parasite in most cases. To insure dissemination of 
the species a large number of offspring must bo produced, and 
special mechanisms and adaptations may be necessary to insure 
UMV W.C ung tl,oir ao.sU,uUK.u. Houco, tlu, ,uore parasite, become 
. HtuUucd aiul adapted to their poouliar mode of life, the more the 
organ, and fimctiou. of nutrition tend to become .implifiiKJ and 

roSt ill fmmttr" 


Con.idetid genorally, a pariwitic Protozoon reproduce, itself 
VI hm a given host with one of two results : in the Lt place, with 
that of , vorrunnmg the host and esteblishing itself there • in the 

hosts bornis produced iu tlie first manner may be termed the 

tbnnrS“''Ff’‘‘"M ” of 

pauisiU.. liom the stock are given off what may be termed 
* Conqtarc Isaveran and Mesnil ( 391 ) pn UG-I -jO 
t Uvoiuu and MeaeU (18) , Teio.i.{.‘’(25fUlhe,a„a and Bnvua (26). 
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tho “ propagative phasevs,” which aa a rule do not multiply further 
in the host in which they are ])roduccd, but await their chance of 
l)(‘ing transferred to a new host ; and if such a chance bo not givc^n 
to tli(‘m, th(\v die otf and are rirjdaced by fiT'sh propagative forms 
from tile stock (see furthca- billow, Chapter IX., \). 106). 

So long as the nutritive or multijilicative function is the most 
important one in the life of a parasite, and until it has maturiHl its 
propagative ]dias(‘s, the dcvith of tho host is tlu^ greatest disaster 
that can lu'fall it. The ideal host, from the point of view of a para- 
sit(\ is one that is “ tolerant ” to it' — that is to say, one that can 
su])port the presence of tlie parasite and keep it supplied with the 
nutriment it reipiires, without suffering in health or vigour to any 
mark(Ml extciiit. When onc(^, howev'er, the ])arasito has made the 
nec(\ssary provision for projiagating the species, the life or death 
of the host may become a matter of inditference to tho parasite, 
or may even in some ca.se.s be necessary for the dissemination of the 
olTspring. This will b(^ ajiparent from a consideration of tho metliods 
by which paiasitic Protozoa infect new hosts. 

dMie jiassage of a jiarasite from one hpst to another includes two 
manouivres : tlu^ ]>assing out from the first host, and the passing 
into the second. Primitivc^ly it may be sup|)osed that this migra- 
tion was etfected simply by tlie unaided ellorts of tlie ])arasite itsi^lf — 
tliat is to say, that tlie active motile parasite would force its way 
out of one host, move freely in the surrounding medium, and soom^r 
or later attack and penetrate a fresh host. This primitive method 
of transference doubtless occurs in many cases, especially amongst 
epizoic forms {e.g., IcMhyophthirim, p. 450). In the case of entozoic 
parasites its occurrence is less common, but it is found in a certain 
number of cases. The young stages of many Acinetaria, parasitic 
in Ciliata, probably seek out their hosts and pemdrato into them ; 
after a period of juvenile parasitism they leave the host’s body and 
become frinvliving, non-parasitic organisms. Active migration of 
this kind, however, is very rare amongst entozoic parasites. In the 
first ])lace, the conditions of life within a living body, in tho midst of 
organic fluids, are so different from those in tho open water, whether 
salt or fn^h, that it is hardly to be expected that a di^licato unicellular 
organism adapted to the one mode of life could stand tho sudden 
change to the other. In the sexjond place, it is clear that active 
migration of parasitic Protozoa could only bo effoctod when tho host 
is an aipiatic animal, and not when it leads a U?rrestrial life. Tho 
only instances of active migration known with certainty to occur 
m the case of Protozoa parasitic on terrestrial animals are those 
in which tho parasite can penetrate a mucous membrane, and is 
thus able to pass from one host to another when two such surfaces 
are in contact. In this way tho trypanosome of dourino in horses 
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(7’. eqiiiperdum) passos from one host to another during coitus, and 
the transmission of the parasite of syphilis is another instance. 

Speaking generally, and excluding for the moment those cases 
in which ihv. transmission is brought about by means of an inter- 
mediary host, the ])ropagaiive ])hases of the parasitic Protozoa 
take th(^ form of inactive*,, resting stages in which the body of the 
parasite is protected against adverse external conditions by tough 
])rotective me^mbranes. In the form of resistant cysts or spores, 
the ])arasites in a dormant state offer a passive and inert resistance 
to the elements ; they are disseminated like seeds, and they ger- 
minate when they roach a suitable environment, but not till then. 

Many, perhaps the majority of parasitic Protozoa, occupy posi- 
tions in the body of the host w^hence^ the propagative phases can pass 
witlnmt difficulty to the exterior. This is the case when the para- 
site is lodgwl in organa which have ducts or passages leading directly 
or indirectly to the exterior — such as, for instance, the digestive 
tract and its dependencies, or the urinary organs and ducts. In all 
such cases the propagative stages of the parasite pass harmlessly 
to the exterior. The liost jnay in this manner get rid entirely of its 
])arasit(\s, without, however, necessarily acquiring immunity to 
fr(‘sh infections ; or, on the other hand, the parasite may keep up its 
numbers in the host by continual multiplication to produce a stock 
from which are sent forth incessant relays of the propagative phases 
destined to infect new hosts. In the* majority of parasitic Pro- 
tozoa the relations to the host are of this type, and the parasites are 
muther lethal nor pathogenic tc any great extent. 

On tlio other hand, tlioro are many instances in which parasitic 
Irotozoa occupy a position in tl.c body of the host whence escape 
by anatomical cliannels is not possible. This is the case when the 
parasite ndiabits sonvo closixl space in the body, such as the ccclomo 
or general body -cavity, or the blood-system ; or when it attacks 
deeply-situated cells or tissues of the body. In some cases where 
natural nmans of exit from the body occur, they may bo unsuitable 
or the dmemination of the para.site, as in the case of those forms 

lldri! r/ll sex of the host. In cases of 

l^is kind there are at least six known methods whereby parasitic 
l*rotozoa are disseminated and transferred to fresh hosts.^ ^ 

death an/'T"**''*" f be free by the 

S sle T;. ‘he manner in 

« hieh some of the tissiie-mfecting parasites of the order Myxo- 

r for ^ disseminated ; «,ey 

and srieHree t'r '^hich suppurate, 

and so set free the cysts or spores of the parasite. This, ajain, is 
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an often produced by t isHiie-parasites, such as tlie Myxobolidce, 
or l)y spcci(‘s of Micros))oridia. In such cases also thi^ parasite is 
pathogenic to its host, and freipuuitly lethal. 

3. Tlu^ ])arasite remains in the host until the latt(‘r is eaten by 
some animal which ])reys upon it. 3’he propsigative ])hases of tha 
])arasite are able, howev^cr, to r(\sist dige^stion by the animal that 
has devoured th(ur fornuT host, and pass unaUercal through its 
int(\stine, to be finally cast out with tlu^ dejecta. This is almost 
c(‘rtainly the method by which the common Monor.j/stis of the earth- 
worm infects its host. The parasite pro.luces resistant spores in 
the worm ; the worm is eaten by a bir<l, mole, frog, or some other 
aiiimal, through the digestive tract of whi(di the spores pass un- 
alter»>d ; they are scattei‘<Hl abroad with tlu^ faicc^s, and may then 
be swallowed by ajiother earthworm, in which they gormiiiato and 
produce an infection. 

4. v\s in th(^ last case, the host, together with its parasites, is 
devoured by some animal, in whicdi, how(nan’, the parasite is not 
merely carried j)assiv(‘ly, but again b(H;omes actively parasitic. 
lf<Mi(‘e in this civse there is an alb^rnation of hosts, one of the two 
hosts becoming infected by devouring the otlua*. This mode of 
infection, which is well known to occur commonly among parasitic 
worms, such as Cestodes, is probably also frcMpumt among Pro- 
tozoa ; but at ])resent only two case.s of it are known with certainty. 
One is that of the species of the genus Agfjrf/jaln {nide infra, p. 353), 
parasites of crabs and ccsphalopods, such as the cutth^-fish and the 
octo|)us. In the cophalopod the parasite forms resistant spores 
which pass out with the faeces, and may them be devoured by crabs. 
In the crab the spores germinate and giv(^ rise to a second form of 
the parasite, which lives and multiplies in its new host. If, as fre- 
(piently happens, the crab is eaten by a cej)halopod, the parasite 
completes its life-cycle by becoming once more a parasite of the 
cephalopod Another case is that of Hmmorjrp/jarina rnuris in the 
rat-mite (p. 376, infra). 

5. The Protozoa parasitic in the blood of vertebrates are dis- 
seminated by blood-sucking invertebrates, such as leeches, ticks. 
Of inst^ts, which take up the parasites by sucking the blood of an 
infected animal. Later on the parasite may be inoculated into a 
second vertebrate host by the invertebrate when it sucks blood at 
a later feed. In some cases the transference of the blood-parasite 
may be effected in a purely direct and mechanical manner by the 
invert(d)rate, but in most cases the invertebrate plays the part of a 
true host, in which the parasite multiplies and goes through a cycle 
of development. Hence in such cases also there is an alternation 
of hosts and a complicated life-cycle, of which the life-history of 
the malarial parasite is a good example {vide infra, p. 359). It 
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need only bo noted hero that in such cases resistant spores or cysts 
become unnf^cessary and supc^rlhious for the propagation of tho 
])arasite, and tend to disa])pear from its developmental cycle. 

(). In sonui cases the parasite may ptuietrate the ovary of its host, 
pjiss into tlie ova, and thus inf<s*t th(' embryo and tlie next genera- 
tion. 'I’lansmission of tins kind is known in a certain number of 
(!as(\s ; it is lu^ver the sole method of transmission, but is always 
sn])|)hmu^ntary to otlu^r methods. For instance, in “ pebrinc ” of 
silkworms, caused by Noscma homl)yciSy the spores of the parasite 
are. liberabul in tlie ordinary way from the caterpillar either with tho 
fa'C(‘s or by its death, and are then eaten accidentally on the leaves 
by oth(T silkworms ; but a ccTtain numlxT of the parasites pene- 
trate into the ovary and form spends, which pass through the pupal 
and imaginal stagers of the host into the nc^xt generation of silk- 
worms, which are born infected. In this way the parasite is able 
to tide ov(T the winbr scsison, when the ordinary method of infec- 
tion would b{^ impossible. 'riu^ blood-])arasites of the genus 
riroplasvid (|). 884, infrd) atTord another example of germinative 
infection in the ticks which transmit them. 

To turn now to the methods by which parasitic Protozoa pene- 
trate into new hosts ; there are four known nudhods, which, aft(*r 
what has b(‘cn said, can be summarized very briotly. The com- 
monest is the method of casual or contaminative infection, where 
the host infects itself accidentally by taking up the ]»ropagative 
]>lias('s of the parasite from its surroundings — most usually by way 
( f the mouth, with the food, but it may be liy way of the respira- 
tory organs. OtluT modes of infection are the contagious, as in 
douriiK', already mentioned ; tho inoculative, as in malaria and 
otluT dis(>ases caused by bhxKl-parasites ; and the so-called “ heredi- 
tary ” or “ germinative” method, as in Nosetm hoDibycis and other 
cast>s. 

From the foregoing summary of the methods by which parasitic 
Protozoa are jiropagated from one host to another, it is clear that 
tluTo are very few cases in which it is of direct advantage to the 
parasite to cause the death of its host. Even where it is necessary, 
for the propagation of tho parasite, that the host should be destroyed 
by some other animal, as in tho case of tho Monocystis of tho earth- 
worm, the interests of the parasite are not furthered, and may, 
indeed, be damaged, if it cause disease or death to the host. In 
the case of blood-parasite^s, transmitted by tho inoculative method, 
it may bo necessary for the propagation of the parasite that the 
required phasc^s should be sufficiently abundant in tho blood of the 
vertebrate host to insure tho invertebrate host becoming infected 
w hen it sucks the Idood ; then largo numbers of the parasite may be 
detrimental to the w ell-being of the host to a greater or less extent, 
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and one interest of the parasite may, so to speak, ehish with another. 
But in all cases alike it is ])(TfectIy clear that the (h^ath of the host 
Ixdore the parasite h.'us maturcMl its i)ropagative phases leads simply 
to the extirpation of the ])arasite, and is a suicidal poli(ry on its 
])art , a j^lai ing disharmony in Nature. This conclusion is hoi’ne out 
hy a o(‘n(Tal surv(\v Ihe facts of ])ara«sitism in the Protozoa, siiua^ 
the vast majority of tlu'se ]>arasites are (piite harmh‘ss to their 
liosts, and lethal parasites, greatly in tlu^ minority wlum eom])ared 
\\ it h harmle«<s forms, must he coiLsid(‘red as exceptional and aberrant 
types of j)arasit(‘s, from a gtaieral ])oint of view, 

1'he parasitic Protozoa of lethal prop(‘rties ])res(‘nt a problem 
which (‘an b(' Ix'st attaek(‘d by ccmsidcTing and comparing two 
(‘as(‘s of elos(‘ly alli(‘d })arasit(‘s, tlu^ one haiinless, tJio other lethal, 
to th(‘ir hosts. Veiy instruetiv(“ cases of this kind are furnish(‘d 
by trv])anos{)mes {ride injni, ]). 285). 'i’lu^ common parasite of tin* 
rat, Tryi^anosoma Uwlsi, is ])(*rfectly harmless as a ruh* to its host, 
and th(‘ iiib'ction runs a very delinib* course. When the panwite is 
introdiKM'd into the bloixl of a hi'althy and suscc'ptibh; rat, it enters 
at one(‘ upon a pt'riod of rapid nndtiplication, which lasts aixmt 
t\v(‘lve days. At tlu' end of that tirrn^ the ])arasitc swarms in tin*, 
rat’s blood, without ])erce])tibly affecting its g(*neral health. After 
about twelve or thirt('en days the multiplication of the parasite 
c(‘ius('s (‘iitirely ; the s\varming ])(Tiod h'lsts gen(*rally al)()ut a month, 
and after that the ]>arjisites b(‘gin sb'adily to diminish aiul dis- 
ap[)ear, until after a variabh' length of time, usually three to fiv(‘ 
months, the blood is quit(' fre(; from them, and the rat, cured from 
the attack, is now quite immune to the parasite, and cannot be 
inh'cted by it a second time. 

The behaviour and effects of a pathogcaiic trypanosome, such as 
T. brucii, when introduced into a rat’s blood, contrast sharply 
with that just described. Not only do the trypanosome's b(‘gin 
to multiply at once, but they nov(T cease to do so while the host 
remains alive. By the fifth or sixth day th(;ro arc practically more 
trypanosomes in the blood than blood-corpuscles, and the death 
of the host soon follows when this stage has been reached. 

Tryjmnommi lewisi is a typ(' of a well-mark(id group of try- 
panosomes, which may be conveniently denoted the /fi?ei^u’-group 
(Fig. 11). Such are T. cuniculi of the rabbit; T. dulUmi of the 
mouse ; T. rahinowitschi of the hamster ; T. hkinchardi of tin* dor- 
mou.«e ; T. microti of Microlm arvalia ; and 7\ elyomis of the Icrot 
{Kliomys quercinus). All th(«e species of trypanosomes are ex- 
ceedingly similar in their appearance and structure ; each species, 
however, appears to be perfectly specific U) its particular species 
of host. The trypanosome of the rat, for instance, w ill not flourish 
in any other host, not oven in a mouse, under normal circumstances. 
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Roudaky siiggoata that all this group of trypanosomes constitutes 
in reality a singhi spoeit^s ; in any case, it is reasonable to regard 
th(mi as forms recently evolved from a common ancestor, incipient 
speci(^s w Inch have not advanced beyond the stage of physiological 
dittenoitiation. 

In lik (5 manruir, T. hrucii is a type of a group of trypanosomes 
whicii may Ik^ teamed the />rarw-group (Pig. 12) ; other members 
of it ai-e T. (lamhieme, the parasite of human sleeping siekness ; 
T. evami, causing surra in hors(\s ; 7\ equiperdurn, of doiirino in 
horseis ; and sciveral otlier species. Those forms also are exceedingly 
similar in ap])(\arance and structure, though easily distinguishable 
from memlu^rs of the /r?/’/.v/-group. They are all of them very 
lethal, as a ruh^ to their hosts ; and they differ further from the try- 



Fi(j. 1 1.- -TrypanoH()nu*.s of tlu> /f>W.vf-grou|). A, T. leu'isi (mt) ; B, T. dnttoni 
(mouso) ; V, T. cutnciili (rabbit) ; 1), T. microti {Microtim armiiji) ; E, 7'. 
eli/oniis {Kliomys iiuercinu.s) ; A and ('. from preparation.s ; H, after Thiroux ; 
I), after Ijaveraii and Pettit; E, afUn’ Kranva. All flgurc.s nmgniiied 2,000 
diameb'i-s. 

panosomes of the /cM’Kvi-group in the fact that a given member of 
the brucii-^oup is not specific to a ])articular host, but can flourish 
and exert its lethal powers in a great variety of vertebrate hosts — 
a fact which, coupled with their very similar mor])hology, renders 
the exact determination of the species of this group very difficult, 
and often a matter of controversy. All these facts point to the 
brucii-grimp being also descended from a common ancestral form ; 
they may be regarded as incipient species in which the process of 
evolution has not yet the degree of physiological specialization 
reached in the /cMu’.s'i-group. This view receives support from the 
fact that a new race or species of the brncii-gvoup has been made 
known this year (1611) — namely, T. rhodesiense, a trypanosome 
pathogenic to human beings which appears to have come into 
existence as a species very recently. 
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A further point of great interest in this connection is tluit 
T. brucii in Africa appears, from the observations of Hruce, to 
(x^ciir as a natural parasite of wild game, and to be as harmless to 
tliese its natural hosts as T. lewisi is to rats. The pliysiological 
(liff(‘rence between tliese two species is that T. lewi,si is ptndeidly 
sp(‘cific to its natural host, whereas T. brucii is capable of Honrish- 
ing in others, with most deadly (^^^e(‘ts. Hence tlu^ ])athogenic 
projiertics of T. brucii would a|»pear to be exerted on hosts to which 
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Fie. 12.— Trypanosomes of the trurn-group. A. B, C, T. hruriioi “nagana,” three 
forms -slender, intermediate, and stumpy ; 1). E, K, T. gambkme of sleeping 
sickness, the three conx*8|>onding forms ; («, H, T, ewnsi of “ surra,” two forms ; 
I, T. vimz ; J, T. nanurn. A to I, and .J, after Bruce, Hamertein, Bateman, 
and Mackie (411); (J and H, after Bruce (404); J) to F, from pn^parations. 
All figures magnified 2,0<X) diameters. 

it is a new parasite, and not on those to which, like T. lewisi, it 
has established harmonic relations in the course of evolution. 
The pathogenic properties of T. brucii, and doubtk*ss of other 
similar forms, may from this point of view be characterized as a 
disharmony associated with the first steps in the origin of species. 
The problem of the origin of diseases caused by parasitt^s is 
essentially a problem of the same nature as the origin of species. 
The first step in the formation of new species is a process of varia- 
tion in an established species. Similarly, in the process of forma- 
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tion of now Hpcoios of parasitcH, the first step would be the acquisi- 
tion i»y the parasite of tlie power of living in hosts other than that 
to wliioli it is specific. How such a variation might arise in Nature 
is iinpoHsibh? to conjc'ctun^ in the present state of knowledge ; but 
soin<^ (>x])eriinents that Inive hcen carried out u])on T. Icwisi show 
tliat conditions can modify the a])parent fixity t)f its characters. 
Roudsky (22, 22) found that after prolongcnl culture on artificial 
mc'.dia, and subs(Hpi(^nt ra])id passag(^s througli rats, it was ])ossiblc 
to inf(H;t mice with T. lewin. Wcndclstadt and h(dlmcr (27) have 
shown that 7'. hwi-si, if inoculated into cold-blood(Hl vertebrates, can 
])crsist tlKTc for a time, and then becomes virulent to rats.* In 
both cases it is (wident that the normal specific pr(q)erties of the 
])arasite have been induc(Hl to vary by changes in the (M)nditions of 
life, with the result that they become similar to those characteristic 
of tlu» ])athogenic trypanosomes. 

If it he true that a ]>arasit(^ attacking a lunv host is at first patho- 
g(Uii(; t») it, but tends in the course of evolution to establish more 
harmonic relations with the host, the qu(?stion arises as to how 
such relations are brought about. There are two organisms con- 
ceriu^d, and the problem affects them both. In the case of the 
host the ada])tation to the effects of the parasite may be both 
iiulividual and racial, in the latter case to be perhaps largely ex- 
plaitunl hy tlu^ elimination of individuals loss fitted by their con- 
stitution to rc'sist the ])arasite. In the case of the parasite^ also, the 
])roblem maybe C(Uisid(‘rcd from both points of view ; deadly strains 
of the parasite contribute to tluur own destruction. Interesting 
observations bearing on the individual adaptability of strains of 
Schizotrupanum cruzi have been made by (Chagas (425). This para- 
site, when inoevdated into guinea-pigs, was found to kill them in 
about six days ; this is its initial virulence to this host. After 
re])eated passages through guinea-pigs, it was found that the viru- 
Ituioe diminished, until guinea-pigs inoculated with strains of attenu- 
ated virulenc(5 lived as much as six weeks before they succumbed 
to the effe(!ts of the parasite. If, when this result had been attained, 
the jmrasito was given a single passage through a marmoset, it was 
tlum fo\ind to have regained its primary virulence to guinea-pigs. 

I'he study of the exact mechanism of the physiological relations 
bet\\{H>n parasites and their hosts is the task of the investigations 
upon immunity and kindred problems which now engross so largo 
a share of the attention of scientific workers, but which cannot bo 
considered here in detail. 


BihUography . — For reforencas, see p. 476. 

* 8eo also Sleeping Sichtcifs BiUIetin, No. 22. p. 412, and No. 24, p. 81. 
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THE ORGANIZATION OF THE PROTOZOA— EXTERNAL FORM 
AND SKELETAL STRUCTURES 

A iLMCKi^ujLAii organism of any kind is a inuro or loss minute mass 
or corpuscle of the living substance, protoplasm, containing 
usually other substances, Iluid, solid, or even in some rare instances 
gasi'ous, in gr<‘ater or less amount — substance's which arc c'itluT 
the priKluct of its own vital activity or have Ix'en taken up into 
the body from without. As will be shown in more detail in the 
next cha[)ter, protoplasm is a substance or comph'X of substances 
which, considered in the aggregates, exhibits the; physical ])ro])ertie'S 
of a viscid Iluid. Some sample's of proto])lasm may be le'ss, otlu'rs 
more Iluid, but the essentially Iluid Jiature e)f the whole mass e>f 
])rotoplasm com[)osing the cell-body is very obviems, as a rule, in 
the case; of Prote>zoa. 

A dr(>p eif a thud substanea*, when suspended in another Iluiel with 
which it is not miscible, teneis immesdiately, under the action of the 
physical laws e»f surfivcei-te'usion, to assume the gee)me‘trical form in 
which the surface; is lesiwst in preiportion to the mass ; that is tej say, 
it tends to bece)me; a [)crfe;ct s[)he;re', exe;e;pt in so far as this te*nele;ncy 
may be altcre;d or mexlified by the contact or pre'ssure; e)f other 
bodie's, en’ by the e)peratie)n e>f other forces or ce)nditie)ns which 
oppose the actie)n of surface-tension. 

The sphere may therefore be; regarele;d as the primary fe)rm of 
the living ce'll— the form, that is to say, which the e)rganism U;ndH 
to eissume under the inlluence e>f physical fejrces when not checked 
or inhibited in their e^peration by other factors. A great many 
Pre)tozoa exhibit the spherical fe>rm in a striking manner, especially 
those species which float more or le.ss freely in the water, such as the 
Hcliozoa (Fig. 13) and Kadiolaria (Fig. i;3). Rut the majority of 
Protozoa depart more or less widely from the primitive spherical 
form, for reasons which must be coasidered in detail. 

In the first place, departure from a spherical form may b(; merely 
temporary, the result of vital activity producing altered conditions 
of surface-tension. In order that a drop of fluid may assume a 
spherical form as the result of surface-tension, its surface must bo 
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honiogcneoiis — that ia to say, of similar nature in all parts ; if, 
however, its Hurfac(5 het(‘rogencous, and differs in different parts, 
local iiKMpialities of surface-tension may be the result, and then a 
perfectly apherical form cannot be maintained so long as the surface 
retnaiiiH heterog(^n(‘ous. Thus an organism, such as an amteba, in 
which the. ])rotoplaHm is quite naked and exposed at the surface of 
the body, tends always to have a spherical form in the resting state ; 
but when it enters upon a phase of vital activity, it may assume 
various forms which can be explained by supposing that the surface- 
tension is altered at one or more regions of the surface as the result 



{ThUns^ophysa) pda^jka, Haeckd. an exaniplo of a species 
of lloating habit oonibiniMl with radiaU^ symmetry ami spherical l)ody-form. 
( A, (entral capsule; hi, extracapsular protoplasm; <d, vacuoles in the 

“"'‘''‘1!’’ iV Tho small dots in the calymma 

npiesent yellow cells (p. lo2). AfU^r Lankester. magnified 25 diameters. 


of local changes in chemical constitution, brought about by the 
vital activity of the protophtsm (Rhumbler, 34, and p. 200 infra). 
In consequence, the spherical form cliaracteristic of the resting 
state undergoes modification in various ways when the organism 
becomes active. In floating forms the sphere throws out radiating 
processes, fto called “ pseudopodia,” in all directions (Figs 3 13) 
In creeping species the body assumes the indefinite and constkntly 
changing form, with pseudopodia extruded in every direction, which 
18 char^-t^mtio Of the amwba (Fig. 2), and hence commonly termed 
amceboid. In all such cases, when the animal passes into a 
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iiuietivo condition, or when the vital activity is temporarily 
liihihitcd hv som(‘ sluK^k or stimulus, sucli as an electric curriMit 
Biiddt'niy turned on, physical forces reassert their sway, and under 
th(* influcnc(' of surface-tension the pseudopodia arc retracted, and 
the body rounds itself off and returns to the spherical form. 

A[)art, liow(‘vcr, from temporary and variable dc])arturcs from 
the ])rimary and fundamental spherical form, many unicellular 
or^oinisms exliibit a constant body-form which is ofU‘n widely 
different from tlie sphen*, and whicli is characteristic of particular 
Si3f‘cics, or for tlu' corresponding stages in the life-history of a 
givi'ii spi'cics, and varies only within the narrowest limits, if at all. 

The problem of form-production in Protozoa, like all other bio- 
logical ]>roblenis, may b<* consid(‘n‘d from two points of view. In 
th(‘ lirst plac(‘, then' is the (pu'stion why a particular species has 
such and such a form. The answcT to this ([uestion must be sought 
in th(‘ habits and mode of life of th(‘ species and its relation to the 
environment. In general it may be said that (ach speci<‘s ])os- 
sessi's, or tends to poss(‘ss, the body-form best adapted to its par- 
ticular mod(' of life, tlujugh it is not always easy to trace the 
correlation of form and habit in special cjises. A broad distinction 
may bc' drawn, however, b(‘tw(‘en spiaies which move freely in 
environment and those which are lix(‘d and s(‘ssilc in habit. 
In fre('l y-moving specie’s, again, a furtluT distinction (lan l)e drawJi 
between those w hich float or swim in the? medium, and those^ which 
Cre’cp on a firm substratum. Free-swimming species tend to the 
form of an ovoid, more or less dongate’d, w ith the longitudinal a.xis 
lying in the direction of forward movement (Fig. 14). Creeping 
forms t<*nd to lx; more or less flattened, and spread, as it were, iijx)?! 
the substratum, leading in extrenu’ cases to tin; differentiation of a 
tentral surface, in cfjntact with tlu; sul)stratum, from a dorsal 
jnirfacc on the o})posite side. ISedentary forms tend to lx; more or 
jk’ss vasiform, ofk’U with the point of attachment drawui out into a 
jjjtalk or peduncle of greakr or less length. A frcquc.’iit pt’culiarity 
bf the body-form in Protozoa, whether fixed or frei', is the kndency 
k) a more or less })ronounced spiral twist. BilakTal symmetry, on 
the other hand, is a comparatively rare phenomenon in these 
organisms ; examples are found among the Flagellata — e.j/., LanMia 
inleMinfilU (Fig. 117). 

The second (piestion which arises is, Giveii a particular specific 
form, how is the form developed and maintained, on physiological 
or mechanical principles ? To this question the answer must be 
sought in the structure of the individual, and more especially in 
the formation and possi’ssion of special structural elements, more 
or less rigid in nature, w Inch dekrmine the form and support the 
soft body. Such structures may be external to the body, in the 
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form of cuticular productions or envelopes of various kinds, or 
internal, in the form of an axis or framework. Both these types 
of form-determining or skeletal elements, as tlu^y may be termed 
broadly, may be present togeth(“r in a given organism. 

1. Cuticular and Exoskcktal Structures . — In the Sarcodina gener- 
ally, and in a few examples of the Mastigophora and ►Sporozoa, the 
body-protoplasm is quite naked at the surface, as already stated, 
and not covered by any cuticle or firm covering. With these 
exceptions, the bodies of Protozoa are clothed by a firm cortical 







Fni. H. -Prorotlon teres. N, Macrouuclcus ; n, niicronuclous ; o, mouth; 

aiso[)lianus suri'tiuudcd by rod-apparatus (p. dd.'f) ; f.v., food vacuoles ; c.v., 
ooutractilo vacuole surrouudiHl by feeding- vacuoles ; «/., alveolar layer ; 
st, moridioual rows of cilia ; a., aual pore, ^Vftcr Schowiakoff, magtiilied 000 
dia motel’s. 

layer, which is produced either as a differi'iitiation of, or secretion 
by, the most superficial layer of the protoidasmic body, and which 
receives various names in different cases. 

The very first beginnings of a cortical layer are seen in some 
species of anueba’, such as Anurba vcrruwsa — species in which the 
protophvsm, extremely viscid and slow-flowing, forms a delicate 
investing fx'llicle at the surface. In these cases the pellicle is so 
thin that it dex's not liinder the amoeboid movement appreciably 
(Fig. 23). A further advance is seen in some of the Flagellata, 
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where a thin cuticle is present which permits changes in sliape, 
caused by the contractility of the enclosed proto[)lasmic l)ody. 
Such forms are not amcoboid, but exhibit rhythmical changes of 
form produced by contractions of the superficial body-layer in a 
manner somewhat recalling peristaltic movement, and are com- 


monly said to be metabolic (Eig. 15) ; and 
since such movements are characteristic 
of some species of the genus Euglcna, 
tlu'y are sometimes called exiglcnoid. 

In most cases, however, in which a 
cuticle or firm cortex is present, a definite 
and characteristic body-form is main- 
tained, subject only to such changes as 
may result from curvatures of the body, 
or temporary shortening of its axis in a 
liarticular direction, brought about by 
the contractility of the living body. An 
envelope of this kind, which may vary in 
consistence from a thin, flexible cuticle 
to a rigid inflexible cuirass, or “ lorica,” 
inhibits completely the natural tendency 
of the fluid protoplasmic body to round 
itself off — a tendency, however, which 
frequently reasserts itself during resting 
phases of the organism, when the cortex 
may bo softened or absorbed. Hence it 
is very common to find that the resting 
phases of Protozoa revert to the primi- 
tive spherical form, whatever the shape 
characteristic of the organism in an 
active state. 

A close-fitting cortex or cuticle which 
is essentially a part of the body itself 
must be distinguished clearly from struc- 
tures built up by the organism externally 
to the body to afford shelter or support. 
Such a structure is termed variously a 
“ shell,” ” test,” or ” house.” The 
formation of protective shells, into which 
the body can be completely retracted, 



Fk;. 15. — AMnavi Unax, two 
iiidi vi duals showing tho 
changca of form duo^Uj 
metabolic movement, (xji., 
(Ewjphagus ; c.r., rew’rvoir 
of the contractile vf».cuole ; 
A’., nucIcuH. After .Stein. 


and from which it can emerge to a greater or less exttmt, is of 


extremely common occurrence amongst the naked-bodic d Sarcodina. 
I’he forms of these shells, their structure and mode of formation, 


exhibit an almost infinite variety, and can only be described here in 


a quite general manner. 


.3 



34 THE PROTOZOA 

As legal (Is iiiaterial, the sliells may be composed of elements 
si'ereied by tlu^ organism autoiihya,” Haeckel), as in Ilyalosphema 
(Fig. 10, B), or of fonagii jiarticles taken up by the animal from its 
surroundings (’‘xenophya ), as in DilJiugici (big. H>, A), bkektal 
(‘liuuents secreted by tin; organism may be of organic or inorganic 
natuie. In tlie former case th(‘y are probably chitinous in most 
cast's, 01 * compost'd of a substance allied to chitin ; in the latter tlmy 
art; either calcart'tius or siliceous. A good example of the formation 
of a sht'll is seen in Knulypha (Fig. 51)), where the chitinous plates 
ctimposing it art; formed first of all in the interior of the ])ioto- 
plasmic body, and pass to the surface to build up the shell. Whin 
tilt; shell is built up of ftireign particles, the material employed may 
vary git'afly, and consists generally of particles of sand, grit, etc., 



Ku). It). Kxainjilt's of or lioust'S formed by riolozoa. A, Difjlufjiu iipiralU, 

uhii li forms n hoii.st' built u]) of foreign bodies ; B, II tfulosphinia emuata, in 
wliieli (he liousi^ is built up of j)late8 secreted by the animal itself (eomparo 
also Euijhjphd, Fig. oU). lh)tli these .species belong to the order Ammbtva ; 
the pseu<U)poilia [ps.) are .seen Htn*aming out of the mouth of the shell. After 
la-hiy ; A magnitied 250. Jt 500 diameters. 


taken up at hazard from the environment. Such shells are de- 
scribed technically as “ arenaceous.” In the case of Difflugia, 
Verworn (3()) was able to cause it tt) buikl up its test of various 
materials, such as particles of coloured glass or other substances, 
when these tverc supplied to it exclusively. Many species of 
Foramiuifera, however, form their tests exclusively of particular 
materials under natural conditions. Thus, in the genus Haliphy- 
iicma (Fig. 17) the test is formed of sponge-spicules ; in Technitella 
ihompsoni the caleart'ous plates of eehinoderms are selected ; and 
other instances could he cited in which the organism selects habitually 
for its shell certaiii materials from a varied environment in which 
the particular materials required may be far from common in 
occuiTenco relatively to other particles apparently equally suitable 
(see especially Heron-Alien and Earland). Verw'orn (36) found that 
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ill the ease of Difjlwjia the foreign partieles used are taken up by tin; 
pseudopodia during the process of being ridracted ; the surface of 
the pseudopodiuni then becomes wrinkled, and particles of debris 
are caught in these wrinkles, and so drawn into the interior of the 
protoplasmic body, in which they arc stored up in the fundus of 
the shell, like the plates in Euglypha, and are utilized in the growth 
of the shell, or in repairing damages to it, or in building a new shell 
when the animal reproduces itself by division. 



Fuj, 11 .—Ildliphysema tunuinowiczU, a foraminifer which huihls up its house, out 
of sponge-spicules. A, part of tlur jjiotoplasru stained to show the nuclei (w.) ; 
a living sjwcimcn with expanded pseudopodia (p.). AftcT J^iankester (11). 

The simplest architectural typo of shell or tost is a simple spherical or 
oval capsule, usually with a largo a|K;rturo at one i)olo through which the 
^ protoplasm is able to creep out in order to ea[)ture food or jwrform the function 
* of locomotion (Fig. 16). The wall of tho test may bo imixjrforato, or may 
have lino pores through which also tho protoplasm can stream out. With 
continued growth of tho organism, tho original shell may bocorno too small 
for its requirements. Then the organism may reproduce itself by fissior. 
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aiul tlio daughter- individual forms a new shell for itself. In many cases the 
shell formed by tlie daughter is larger than that t)f the parent ; for instance, 
in Cmtropyxis aculeata and other species, in whicii the young individuals 
multiply by iissioii, and each time they do so, the new shell formed is larger 
than tlie old one, until the full si/e of the adult individual is reached 
(Schaudinn, 131), after which point the new shell formed after the process 
of lission is of the same size in both the parent and the daughter-individual. 
In such cases the shell is always a single chamber, and is described technically 
as “ monothalamous.” 

In other cases, however, the organism does not multiply by lission when 
it has outgrown its first shell, but forms a new shell of larger size which is in 
continuity with its first shell ; the protoplasmic body now occupies both tlie 
chajubers of the shell formed in this way. With further growth more chambers 
are formed, giving rise to a complex “ polythalamous ” shell composed of 
many chambers all occupied by the protoplasmic body (p. 232, infra). For a 
detaileil study of the dovolopmontal mechanics of shell-formation, see 
llhumbler (35). 

2. Internal Skeletal Structures. — In many cases in which the proto- 
plasmic body is naked at the surface, or bears only an extremely 
thin cuticle, a definite body-form may be maintained by means of 
internal supporting fibrils or other similar structures (Koltzoff, 
30, 31). In some cases such structures may be of temporary nature. 
A beautiful (‘xample of this is seen in the delicate organic axes 
funned in the pseudopodia of Heliozoa (Fig. 22), in the form of 
slender needle-like rods secreted by the protoplasm to stiffen the 
pseudopodia, and absorbed again when the pseudopodia arc re- 
tracted. In other cases, supporting structures of organic nature 
may be permanent constituents of the protoplasmic body ; such are 
the axial rods, or “ axostyles,” found in many flagellates, such as 
I richoinotms (tig. 5, ax.), Loplioinonas (Fig. 45), etc., slender flexihle 
rods of organic substance which form a supporting axis for the body. 
Iievious to division the axostyle is absorbed, and new axostyles 
are formed in the daughter-individuals. The axostyles are stated 
to arise from a centrod(‘sniose (p. 103, injra) formed in the process 
of division of the blepharoplast (Dobell, 236) or of the centriole of 
the nucleus (Hartmann and Chagixs, 62) ; the centrodesmosc per- 
sists after division is complete, and its two halves become the 
axostyles of the two daughter-individuals. In Trichomonas eberthi, 
however, Martin and Robertson (348) find that the axostyles arise 
after division quite independently of the centrodesmoses or other 
nuclear structures. In Octomitus (Fig. 116) two axostyles are present. 

brom supporting structures of organic nature, such the 
axostyles or the organic axes of the pseudopodia mentioned above, 
It IS not diiheult to derive the more rigid and permanent elements 
viiou n as spicules, in which the organic basis becomes indurated 
by deposits of inorganic mineral substance. In some cases spicules 
may perhaps consist entirely of mineral substance deposited 
(iirectly within the living substance without any organic basis. In 



37 


THE ORGANIZATIOij OF THE PROTOZOA 

cither case the spicules grow by accretion — that is to say, by deposi- 
tion of fresh layers of inorganic substance upon that already laid 
down — and if such accretion takes place at one end of a rod-shap(‘d 
spicule, it may have the result that the opposite extremity of the 
spicule is pushed outwards by the contiiuu'd growtli, with tlie result 
that i\w oldest portion of the spicule projects freely far beyond the 
limits of the body. 

As regards material, spicules are usually either calcareous or 
siliceous — in the first case gi'iKU'ally carbonate of lime, in tlu? second 



are seen numerous symbiotic algae (dark) and non-contractilo vacuoles (clear) ; 
one vacuole of larger size is seen, probably the contractile vacuole, sp., sp., 
.Spicules ; ps., ps., psoudoimdia. After Lcidy, magnified 750 diameters. 

case amorphous silica. In the family Acanthomelridce among the 
Radiolaria the spicules arc formed of a substance which was thought 
to be of organic nature, and was named “ acanthin,” but which 
has been found to consist of strontium sulphate. 

« As regards their form and relation to the body, the spicules in 
the simplest cases are rod-shaped or needle-like elements disposed 
rarlially or tangentially. A simple type of spicular skeleton is seen 
in Acanthocystis (Fig. 18), in which elongated siliceous rods, fre- 
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Fu?. 19 . — ClathnUim elcgam, a Holiozoon with a lattice-liko skeleton, attached by 
a stalk. Two individuals are seen, the younger with its stalk attached to the 
head of the older ; in the younger the lattice-work is still veiy delicate. Both 
individuals are sending out numerous radiating pseudopodia, very delicate 
and slender. After Leidy, magnified 750 diameters. 
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qucutly branched at their distal ends, an' arranged like radii of tlu^ 
spherical body, projecting freely for some distances from the surface. 
In oth(‘r cases tlu' spicules may be dis}>ased tangentially to the V) 0 (ly, 
as in the family Collidce amongst the Hadiolaria, and in otlver huuns 
l)elo!iging to this order. From a sim|)l(^ type of skeleton composed 
of se])arate spi(!ules, more comj)lieated types of skeletons an^ de- 
rived by fusion of the spicules to form a coniu'cted fraiiu'work. 
The commonest type of this is a fusion of tangcuitially -disposed 
spicuh's to form a lattice-work ; an example of this is sc'csi in 
Cfathrulina (Fig. 19), in which a lattice-like skc'hdon is formi'd at 
the surface of the body, standing olf from it like a sliell. Skeh'tons 
of this type are especially characteristic of the Radiolaria, a group 
in wliich the architecture of the skeleton may reach a very liigh 
degn'c of complication and exhibits endless variety. The lattice- 
like framework, made up of tangentially-arrang(‘d spicules united 
together, may be further strengthened by radially-disposed beaius. 
As the animal grows, it may outgrow the frameu'ork first laid down, 
aud another lattice-work is formed concentric with the first, and 
connected with it by radial beams; later on a third and a fourth 
siKih framework is formed, as the organism continues to grow in 
size. Skeletons formed in this way may Ix^ “ homaxon ” — that is to 
say, ])uilt up on the axes of a sphere ; or “ monaxon,” with one 
principal axis ; or may follow various ])lans of symuu'try, or may bo 
asymmetrical (p. 250, mfra). 


Bihliography . — For references, sec p, 477. 
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THE ORGANIZATION OF THE PROTOZOA [Continued)— 

THE PROTOPLASMIC BODY 

The substance com|)osing the bodies of Protozoa was termed 
originally sarcode by Dujardin ; but after it bad been shown to be 
id(‘ntieal in nature with the living svd)stance of the cells of animals 
and ])lants, the sain(‘ term was employed universally for both, and 
the word ])rotopl(i.sm, coined by von Mold to designate the living 
Hubstanct' of plant-cells, supplanted the older term mreode, which 
has now quite (hopped out of current use. 

It would 1)(‘ inq)ossible within the limits of the present W'ork to 
discuss in detail the various theories that have been put foiwvard 
w ith r('gard to tlie nature and constitution of protoplasm ; they 
can oidy Ix' summarized in brief outline here. Protoplasm, when 
seen under the microscope with ])ow'ers c^f moderate strength, 
])r(\s('nts itself as a viscid, semi-fluid substance, sometimes clear and 
hyaline in special regions, l)ut always showing, tliroughout at least 
the greater part of its substance, numerous granulations, which 
vary greatly in size, from relatively coarse grains to those of the 
minutest size visible with the power of the microscope used. The 
most important of these granulations are the so-called “chromatin- 
grains,” which are discussed fully in Chapter VI. ; in this chapter 
only non-chromatinic granules arc dealt with. The coarser proto- 
plasmic grains may be present in greater or Icvss quantity, or may 
be entirely absent ; they are to bo regarded for the most part as 
so-called mctaplastic bodies— that is to say, as stages in, or by- 
products of, the upward or downward metabolism of the organism. 
On the other hand, the minute, ultimate granules, or “ microsomes,” 
are never absent, except over limited areas, in any sample of proto- 
plasm. It is on the constant presence of granules that the so-called 
granular theory of protoidasm, especially connected with the name 
of Altmann, has been founded. On this view, each minute granule 
IS regarded as an elementary organism, or “ bioblast,” capable in 
itself of all vital functions, and equivalent to a single free-living' 
bacterium, just as a single cell of a Metazoan body may be compared 
w ith a single Protozoan organism. Protoplasm, on this view, is re- 
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garded as a colony of bioblasts, imbedded in a fluid matrix, com- 
parable in a general way to a zoogloea-colony of bact(‘ria. 

A s}x>f‘ial and important class of motaplastic granules aro the so-called 
“deutoplasmic” bodies, consisting of reserve food-materials stored up in 
the proto{)lasmic substance. Examples of such are the yolk-granules of ova, 
the paraglvcogon-grains of grcgarincs, the }>lastinoid bodies of coccidia. 
sfarcli-grains in holophvlic forms, etc. 

.Amongst the granulations of the protoplasm, special mention must b<^ 
made of t ho bodies known gcmerally as chondrummies and mi'fnrfiondria, but also 
by a vari(dy of other names (cytomicrosomes, bioblasts, spherules or sjtluM’o- 
plasfs, and, colkictivcdy, ergastoplasm). Th<» chondriosomes are not b) be 
classed witli the temporary, imdaplastic inclusions, but are permanent ele- 
ments of the eell-protoplasFu. The chondriosomes of Protozoa have recently 
been the subject of detailed study l)y Faure-Fremiet In the living 

coi\dition they an? small trans[)arent bodies, feebly refractile, and of a pale 
gn^y tint. In shape they are gemmally spherical, and vary from 0*5 p to 
l a /i in diameter. In some cases the chondriosoine a])pears homogeneous in 
structure ; in others it pre.sents the ap|)oaranc(5 of a vacuole with lluid con- 
tents and a denser [xiripheral layer. In contact with wat(ir or with weak 
alkalis they swell up immediately. When the nucleus (in Infusoria the 
micronueleus) divkh^s, the chondriosomes also divide simultaneously, and the 
(laughler-eh()ndriosom(\s are sorted out between the two daughter-cells ; 
they ha\a% howevFW, no direct relation with tlie niuilear apparatus. In the 
IFrocess of division each ehondrio.some beconu^s first, rod-like, then dumb-bell- 
shaiKjd, and is tinally constricted directly into two halves. 

A puHily chemical d<dinition of the (diondriosonuvs, a^-cording to Faurc- 
Fremic!t, cannot be givem. d'hoy exhibit the reacitions of a fatty acid, and 
can bo considered as combinations of fatty acids or of phosphal(vs of albumin. 
I’lus |)hysiological finiction of the chondrio.sonu^s is not (‘loar, but Faure- 
Knmiiet considers that they “ play an importajit part in the life and evolu- 
tion of the sexual cell,” in Protozoa or Mota'zoa, and are active in the elabora- 
tion of deuto[)lasmic substances of fatty nature, into which they may be 
t ransfonnod directly. 

It has been shown, however, that the minute granules of proto- 
pla.sm do not lie isolated from one another, susjtended freely in a 
matrix, but are seen in the microscopic image to be connected with 
one another by fine lines or darker streaks, the whole forming a 
delicate network, at the nodes of which the granules are lodged. 
In some cases the granule itself is perhaps only an optical effect 
produced by a node of the network. On these appearances has 
been founded the so-called reticular theory of protoplasm, connected 
e.specially with the names of Heitzmann, Schafer, and others. On 
this view protoplasm has been regarded as composed of an exceed - 
ingly line reticulum, a network or feltwork ramifying in all planes, 
bearing the granulations at its nodal points, and bathed throughout by 
a fluid, more or less watery sap, or enchylema. The fibrillar theory of 
Flemming may be regarded as a modification of the reticular theory. 

^ Against the reticular theory of protoplasm, it may be urged that 
it leads to physical difficulties, in view of the generally fluid nature 
of protoplasm. For the reticulum must itself be either of a fluid 
or a solid nature ; if fluid, it presents the condition of one fluid 
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HUHpfMul(‘cl in tho form of a network in another fluid with which it 
do(‘s not mix — a condition which could not exist for more than an 
instant of tim(\ since the fluid reticiduin must lireak up immediately 
into niinut(* dro[)l(‘ts. If, on the otlier hand, the reticulum is of 
ri<^id consistence, the protoplasm as a whole could not be fluid, 
any mon‘ than a sponger soaked in water could behav^e as a fluid 
mass in tin* a^^ri'gate. Tin; dilhculty can, howev(‘r, be overcome 
by su|»posin^ the apparent reticulum to be the optical expression, 
not of a fine network of fibrils, but of delicate lamelhe limiting 
minute (ilosi'd chambers, or alveoli. Then the fine lin(‘ seen with the 
microscope joining any two adjacent nodal points would be the 
o[)tical section of the wall or lamella separating two contiguous 
alveoli, and ])rotoplasm as a whole would possess a honeycombed 
structure conpiarable to that of a fine foam or lather— the fluid 
lamelhe of the foam repn^siaited by th(^ apparent reticulum of the 
protoplasm, and the air-contents of the individual bubbles repre- 
sent'd by the enchylema. Or, to express the state of things in a 
diih'H'nt maniK'r, protoplasm could be regarded as an emulsion of 
V(‘ry fine structure, composc'd of two fluids not miscible with one 
anotlu'r — nanu'ly, tlu' more fluid enchylema, Avhich is sus])ended 
in the form of minut' dro])lets in the more viscid substance forming 
the alveolar franu'work. This is tlie so-called alveolar theory^ 
especially connected with the name of Ihitschli ; by this conception 
of protoplasmic structure, not only are the necessary physical con- 
ditions satisfied, but an explanation is given for m<any peculiarities 
of protoplasmic bodies, such as the radiate arrangement of the 
meshes of the reticulum commoidy observed either at the surface of 
the body or around solid or fluid bodi(‘s contained in the proto- 
plasm, and so forth. 

The various theories that have been mentioned all assume tacitly 
that protoplasm is that is to say, that it possess^ 

one fundamental type of minute structure. Fischer, on the other 
hand, seeks to unite all the different theories by supposing that 
protoplasm is a polynwrphic substance— that is to say, one that 
may exhibit a diversity of structure at different times and under 
different c()nditions, as the result of changes produced by its inherent 
vital activity. Thus, he supposes that a given mass of protoplasm 
may be at one time homogeneous, and at another time granular, 
reticular, fibrillar, or alveolar, as the result of a process of “ vital 
precipitation,” and that by reabsorption of the structural elements 
It may return to a homogeneous condition. Faure-Fremiet (38 and 
38-5) also regards protoplasm as a homogeneous fluid, which is pre- 
cipitated by reagents, and which normally contains, in suspension, 
a certain number of granulations, some temporary, others per- 
manent in nature ; compare also Degen (154). 
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Those investigators of the Protozoa who liave expressed an 
opinion on the subject have been for the most part in favour of the 
alveolar theory of ])rotoplasm, since it was first propounded by its 
author, Riitschli (see especially Rhumbler). Protozoa as a rule 
ar(‘ very favourable objects in which to study the foam-like structure 
of the protoplasm (compare Schaudinn, 130, p. 188). But what- 
I'Ver view be lu'ld as to the idtimate structure of ])rotoplasm, its 
(‘ssc'ntially fluid nature is very apparent in these organisms, and is 
a point upon Avhich it is very important to bo eh'ar. Tlu? fluid 
condition of the living substance is manifested directly by the 
streaming moveiiKMits to be observed in it, and indirectly by a 
numlxT of 2)henomena, such as the tendency, already mentioned, 
of the body to round itself olf when at rest, and the tendency of all 
vacuoles to assume a spherical form. A vacuole is a drop of fluid 
suspended in the protoplasmic body, and may ])e regarded as 
formed by tlui bursting and running together of many minute 
alveoli, just as a large bubble in a foam may arise; by the union of 
many smalhu* ones ; or by tin; gradual enlargeunent of a single 
alveolus by diffusion of fluid into it from neighbouring alveoli, until 
it attains proportions relatively gigantic. Vacuoles assume uni- 
formly spherical contours, except when they are deformed by 
mutual pressure from crowding together or from otluT causes. In 
some cases the protoplasm may be so full of coarse vacuoles that it 
(‘xliibits an obvious frothy structure, which must l)y no means b(; 
confounded with the ultimate alveolar structure of the prot()])hism, 
a structure which is exceedingly delicate, only to be observed with 
high powers of the microscope and with careful attention to all 
details of microscopic technique. Examples of vacuolated bodies 
are seen especially in Heliozoa — e.j/., Actinospheerium (Fig. 3). 

The statement, however, that protoplasm generally is of fluid 
nature admits of its exhibiting many degrees of fluidity, and some 
samples of protoplasm are far more viscid than others. This is 
true both of different species of organisms, of the same species at 
different phases of its development, and of different parts of the 
same organism. In some cases portions of the protoplasm may be 
stiffened to a degree that perhaps oversteps the ill-defined boundary 
bebveen the liquid and solid states of matter. In a great many 
Protozoa, perhaps the majority of them, the protoplasm of the 
body is divisible, more or less distinctly, into two regions — 
namely : 

1. An external or cortical zone, termed ectoplasm or eclosarc ; in 
.appearance and consistence typically clear, hyaline, more refringent, 
finely granular or without visible granulations, and of more viscid 
nature ; in function protective, kinetic, excretory, and sensory. 

2. An internal or medullary region, the endoplasm or endosarc ; 
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opaque, less refringent and coarsely granular ; the seat of trophic 
and reproductive functions. 

'riu'se two zoiu'S of the protoplasmic body are, in the more primi- 
ti\"(^ forms, dilfen'ntiations of the protophism more or less tem- 
porary and transient in nature. For instance, in an amceba which 
is in a(;tiv^(‘ mov(Mnent, fluid (iidoj)lasm is constantly flowing along 
the ax('S of tlu' ]).seudopodia towards their ti])S, where it comes into 
contact with tlu^ surrounding mi'dium, the water or other fluid in 
which the amo‘ha lives. IJiuhu* the influence of the medium the 
endoplasm is converted iiito ectoplasm, becomes of stilfer, less fluid 
consist('nc(‘, and loses its coarse granulations. At the same time, 
at tlu' hind(T end of the anueba, ectoplasm is continually passing 
into the intt'rior of tln^ body, Avhere it becomes liquefied and granular 
in structure, and is convi'rted into endophism (Rhumbler, 34). 

In Protozoa, how'('V(‘r, wdnch do not exhibit anueboid movement, 
th(' (‘cto[)lasm and endo])lasm may be two independent layers, well 
deliiuHl and ])eifectly separate the one from the other. The ecto- 
plasm is the seat of those functions which arc connected with the 
ri'lation of tlu' organism to the outer world, to the environment 
in which it lives ; the endoplasm, on the other hand, is concerned 
specially with th(‘ inb'rnal affairs, so to S|)eak, of the proto])lasmic 
body. In the following two chapters the various organs of the 
Protozoa will be coiisuhwt'd under the headings of the layer from 
w hich they are fornu'd, and according to the functions they perform 


lVthVio<jra'phi.—V()v references, see p. 477. 



CHAPTER V 


THE ORGANIZATION OP THE PROTOZOA {Continual)— 
DIFFERENTIATIONS OF THE ECTOPLASM AND ENDOPLASM 

A. Ectoplasmic Organs. 

The various structures and organs produced from the ectoplasm 
are best classified by the functions they subserve, under the headings 
of protective, kinetic and locomotor, excretory, and sensory 
mechanisms. 

1. The protective function of the ectoplasm is often seen iji 
organisms in which no cuticle or envelope is present. It has been 
observed, for instance, that the species of Myxosporidia that 
inhabit the gall-bladders or urinary bladders of their hosts resist 
the effects of the medium in which they live so long as their ecto- 
plasm is intact, but succumb if it be injured. 

In most Protozoa other than those belonging to the class Sarco- 
dina, how^ever, a special protective envelope or cortex is present at 
the surface of the body, and such forms are commonly said to be 
corticate. A cuticle may be formed in various ways, distinguished 
by the use of different terms. It may represent the entire ecto- 
plasm, modified in its entirety to form an envelo 2 }e, as in the peri- 
plast of the Elagellata ; it may reju’esent a transformation or modi- 
fication of only the most superficial layer of the ectoi)lasm, as in 
the pellicle of the Infusoria and of some amoobic— for instance, 
Amoeba verrucosa, the epicyte of the gregarines, etc. ; or it may arise 
as a secreted layer deposited at the surface of the ectoplasm, and not 
derived from a modification of the substance of the ectojfiasm itself, 
in which case it is termed a “ cell-membrane.” 

Whatever its mode of origin, the cuticle may be developed to a 
very variable degree, from the thinnest possible membrane, some- 
times very difficult to discover, to a thick and tough investment 
which may be termed a cuirass ” or “ lorica ” (“ Panzer ”), when 
it is formed by thickening of a pellicle ; or a “ house ” or “ shell,” 
when it is a greatly thickened cell-membrane standing off from the 
body. In many cases the cuticle undergoes local thickenings to 
form s|3ikes or hooks, which may serve as organs of attachment, 
as in the C 2 )imerite of gregarines (Fig. 142). 

45 
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In addition to the 2 )as.sive protection afforded by a cuticle, organs 
of active defence may be present in the (‘ctoplasni in the form of 
bodies known as Irichocifsts, fcjund commonly in many ciliate In- 
fusoria (p. 447, Fig. 187) ; they are little oval or spindle-shaped 
bodies which on suitable stimulation arc converted explosively into 
a stiff thread which is shot out from the surface of the body. (For 
the nematocyst-like organs known as “polar capsules,’’ in Myxo- 
sporidia and alli(xl organisms, see p. 390, infra.) 

2. The ectoplasm is shown to be the scat of movement both by 
the fact that motile organs arise from it and by the fre(|uent 
pn‘S(*nc(5 in it of spc'cial contractile mechanisms, d’ho motile 
organs whicli afe found in the Protozoa are pseudopodia, flagella, cilia 
with their various modifications, and undulating membranes ; any 
of these structure's may subserve the function of food capture in 
addition to, or instead of, that of locomotion. These organs will 
now' be; eh'seribed in e)rdcr, after which contractile mechanisms will 
be dealt with. 

(1) Pseuelopoelia are organs of temporary nature, extruded from 
the prote)[)lasm when reepiired, and retracted when no longer needed. 
They can bo fe)rnie,‘el, probably, in all cases in which the bexly 
pre)te)plasm is naked, or limited only by a cuticle not eff sufficient 
thickness to inhibit the movements of the underlying protoplasm. 
They arise simply as an eruption of the protoplasm at some point 
at the surface of the body, forming an outgrowth or process which 
varies gi'catly in different cases as regards size, length, width, com- 
position, and activity. 

Ps(‘udopodia alw ays arise in the first instance from the ectoplasm, 
and may consist throughout of this layer alone, in which case tlu'y 
are relatively stiller and more rigid ; or a core of endoplasm may 
flow into the pseudoiiodium when it has grown to a certain length, 
in which case the pseudopodium is more fluid and flexible. The 
formation of a pseudopodium is best studied in a common anueba, 
such as Ania’ha proteins (Fig. 2) or A. Umax (Fig. 20) ; it is then seen 
to arise as a protrusion of the ectoplasm, forming a shallow promi- 
nence at tlie surface; of tJie body. The prominence continues to 
grow' out from the body, and is at first hyaline, transparent, and 
free from granulations, since it consists of ectoplasm alone. In 
some case's the pseudopodium may grow to a relatively very large 
size, and still ceinsist of clear ecto])lasm aleine, as in Entamoeba 
hUtolytu'n (l^ig, 90), a form rather exceptional in this respect ; mew. 
usually, se) soon as the budding pseud opexlium has re'acheel a certain 
not ve'iy great size*, a core eif granular endoplasm flows into it and 
forms the axial part of the pseudopodium. It is then easier to study 
the formation of the pseudopo<liuni, since the granules in the endo- 
plasm permit the characteristic flowing movements and currents te> 
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be followed. In the growing pseudopodiiini a .strong euirent can 
be observed flowing down the axi.s to the tip, and there sprcsiding 
out and breaking up into weaker currents which turn round and 
fl(nv baekw^ards along the .surface of the pseudopodium. In auuebjo 
with a very viscid surface layer the back-currents are very b'ebli;, 
ceasing a short way from the tip of the pseudopodium, and often 
scarcely discernible, or even absent altogether ; in species with a 
fluid ectoplasm, however, the back - currents arc distinctly seen, 
and may evcui pass back and bcuid round again to join the forward 
axial current, as described by Rliumbler (34) in Ammba hlaiUti. 

While the extrusion of the pseudopodium is an active process, 
the retraction requires nothing but the action of purely physical 
forces of surface-tension to explain it. The protoplasm then Hows 
back into the body of the animal, and may present sonic character- 
istic afipearances in doing so. If one surface is in contact with the 
substratum on which the animal is creeping, the adhesion of the 
2)scudopodium often causes the tip to bo drawn out into -slender 
lirocesses like spikes or hairs. At the .same time the surface of the 

Pic. 20.~L)iagraiii to show the protoplasmic currciits iti a Umax- 
arnceba whicli is moving forwanl in the direction indicated l)y 
the large arrow on tlie left. The smaller arrows indicate the 
direction, and their length the inUmsity, of the currents in 
dilTerent parts of the body. A forwardly-diivcted “ founUiin 
current ” starts from near the hinder end, and passes along 
tlie a.xis of the body to the extremity anterior in movement ; 
there it turns outwards and jjasses back along the sides of the 
body, diminishing rapidly in intensity, and finally dying out in 
tlie regions where the two dots are placed. After llhumbler 

m 

pscudopodiuni may iircseiit a wrinkled appearance, as the viscid 
ectoplasm shrinks in consequence of the rapid withdratval of the 
Huid endoplasm. 

Ihc pseudojjodia of different sjiccics of organisms, or even of 
the same species at flifferent periods of the life-cycle, vary greatly 
in form, appearance, and structural characters, and tlie more im- 
portant variations require a sjiecial terminology. In the first 
place, the jiseudopodia may be broad and thick relatively to their 
huigth, as in xhnosba proteus (Fig. 2) ; they are then termed “ lobose ” 

( lobopodia ”), and usually have a core of endoiilasm. A typical 
lobose pseudopodium is, in fact, nothing more than an outgrowth 
of the body -protoplasm as a whole. In the most extreme cases of 
this type, the w hole body Hows forward in one dirt‘ction, forming, 
as it were, a single pseudopodium. 8uch a mode of progression is 
characteristic of Amoeba linuix (Fig. 20) and otlier similar forms, 
in which the btxly glides forward like a slug as the animal creef^s 
over substratum ; the end w Inch is anterior in movement is rounded, 
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while the posterior end commonly becomes drawn out into processes 
similar to those seen in a pseudopodiuin in process of retraction. 
In other forms, such as A. frolcus (Eig. 2), the pseudopodia are sent 
out on all sides and balance each other, in which case there is very 
little translation of the body as a whole, and the pseudopodia serve 
ehielly for food-capture. If, however, the outflow of the pseudo- 
podia is strongest on one side of the body, the organism moves in 
that direction as a whole, and the larger, more strongly developed 
pseudopodia counteract and overcome the pull exerted by those 
that are weaker. It will be readily understood, therefore, that the 
most rapid pow(‘rs of progression are possessed by the slug-like 
amtebie, in which a single pseudopodiuin drags the whole body along 
without opposition from others. 

Rhumbler (34) has drawn attention to the existence of two 
modes of progression exerted by ammba} of the lobose type. In the 
more fluid species which creep upon a substratum to which they 
adhere more or less firmly, like Anmha proleiis, the animal pro- 
gresses by a flowing movement, such as has been described ; this is 
the comiuouest type of amceboid locomotion. On the other hand, 
in species of the type of A. vernicom and A. krricola the very 
slightly fluid body is limited by a thin pellicle, and does not adhere 
to the substratum ; then progression is effected by rolling ” 
movement. The animal throws out a number of pseudopodia on 
one side, which cause it ultimately to overbalance and roll over to 
that side ; by continued repetition of this procedure, a slow progres- 
sion in a particular direction is effected. At other times, however, 
A. verrucosa may flow along like other amcobie. 

Contrasting with the lobose pseudopodia are the slender, thread- 
like, so-called “ lilose ’’ pseudopodia, formed entirely of ectoplasm. 
Rseudopodia of this type can elfect a .slow' creeping movement, but 
are not very effective for locomotion, and .serve for food-capture 
principally, or even entirely, as in the radiate floating forms 
(Heliozoa and Kadiolaria) ; food is entangled by them and drawn 
into the body. The filose pseudopodia may radiate from the 
body in all directions, remaining separate from one another, or 
they may anastomose to form networks, and are then termed 
“ reticulose.” Pseudopodia of the reticulose type are specially 
characteristic of the Foraminifera (Fig. 21). Radiate pscudopodia 
which do not form anastomoses, on the other hand, characterize 
the groups of the Heliozoa and Radiolaria, organisms of floating 
habit. As noted above, pseudopodia of the radiate typo are 
generally supported by an axial rod, a .secreted structure of firm, 
elastic nature, and are hence known as axo podia. The actual rod 
lettches some way into the endoplasm, often to the centre of the 
body, as in Acanthocystis (Fig. 18), Wagnerelh (Fig. 48), etc. ; it 
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Fio. 21. — -(iwmia ovi- 
for mis, M. Schultzo 
{--G. ovoidta, 
Rhiiniblor), living 

spocimcn with oiit- 

strotohod psoiido- 
podial network 
in which a 
diatom (</.), jVat’f- 
cw/a sn., is en- 
tangletfand will bo 
drawn into the 
shell {sh.). Other 
diatoms are seen 
inside the shell, and 
its fundus 
several nuchu are 
sP(Hi as clear spheri- 
cal bodies in the 
protoplasm. The 
pseudopodial net- 
work is drawn at 
a magnification of 
about 200 linear, 
but for want of 
space is repre- 
sented extending 
over about one- 
third of tho area 
over which it com- 
monly spreads. A 
part of the pseu- 
dopodial network 
is reflected back 
over tho shell, and 
streams out back- 
wards from the 
polo opposite to 
the shell - mouth. 
After M. Schultze. 
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is probably of endoplasmic origin, and is pushed out from it in a 
centrifugal direction. As it grows out, the ectoplasm forms a 
sheath over it, and extends usually some way beyond it. When 
tlu^ ])seudopodium is retracted, the axial rod is liquefied and 
absorl)ed by the protoplasm. 

Food-capture is efh^cb'd by the psendopodia in various ways (see 
p. 189). In forms with lobose pseudopodia they flow round the body 



Fio. 22. — Portion of an Actinosphanrium, magni- 
fied about ()()0 linear, ect., Ectoplasm with 
larger vacuoles ; end., endoplasm with smaller 
vaeuole.s ; N,, nucleus; ps., pseudopodia; 
(IX., dclicAtc ftxinl ix)d in the pscudopodiA. 
After Ixiidy. 


to be ingested, enclosing it 
on all sides, and finally 
imprisoning the prey in 
a closed chamber of the 
living substance, together 
with a drop of water which 
forms the food - vacuoh? 
(h'ig. 2, P\ P^) in which 
the prey is digested (p. 192, 
inira). A very noticeable 
feature of pseudopodia of 
all kinds is their adhesive- 
ness, due to the secretion 
of a slimy substance at the 
surface of the ectoplasm. 
In DilJlugia, if the pseudo- 
podia be touched gently 
with a glass rod, the slime 
can be drawn out into 
threads, like the mucus of 
a snail (Rhumbler, 34). 
The adhesive power of the 
pseudopodia is of service 
both in adhering to the 
surface upon which they 
creep and in the capture 
of their food. 

The s 1 0 w - f 1 o w i n g 
amoebae, such as A . verru- 
cosa, do not as a rule flow 


round the body to be in- 
gested, but draw it into their interior, as if by suction. In this 
manner A. absorbs and devours filamentous algae (Fig. 23), 

which are imported into the interior of the body and there coiled 
up and digested. Rhumbler has shown that this process can bo 
imitated by drops of fluid ; for instance, a drop of cliloroform in water 
w 1 draw in a thread of shellac and coil it up in its interior in a 
maimer similar to the ingestion of an algal filament by an amoeba. 
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The pseiidopodia of the filosc type adhere' firiiily to organisms 
suitable for food with whicli they come in contact, and it can be 
observed that the prey is both held fast and killed by them, in- 
dicating tliat th(^ pseudopodia secrete some toxic substance in 
addition to that of an adhesive nature. In the reticulose type, 
diatoms and (U’ganisms of various kinds are entangled in the 
pseudopod ial network (Fig. 21), and are generally digested there 
also. 

In a few cases pseudopodia exhibit a peculiar form of movement 
known as nutation. An (‘xarnple of this is seen in the remarkable 
Heliozoon dt'seribed by Schaudinn (42) under the name Camptonema 
nutans (Fig. 47), which possessc's slender axopodia in which the axial 



Fig. 23.--Four stages in the ingestion of an Oscillarian filament (/.) by Amabn 
verrucosa. In A the anueba has crept along tlie lilaTnent ; in Ji one end of 
the aiiKKba is bending u|), and is about to fuse with the rest of the body, 
producing a twist in the filament ; in C two have been produced ; in 1) a 
considerabhi length of the filament has been drawn into the amoeba, and is 
twisk'd up into a stout coil. A. B, and C\ are drawn at intervals of quarter 
of an hour, D several hours later. After Hhumbler (34). 

filament does not extend the whole length of the pseudopodium. 
The pscudopodia perform a slow rotating movement, and “describe 
the mantle of a cone, sometimes acute, sometimes obtuse, remaining 
stretched out straight for their entire length, and bending only at their 
base.” Similar movements are performed by the pseudopodia of 
Trichospheerium (p. 229) and Wagnerella (p. 246). In Camjdonema 
the pseudopodia also have the power of bending suddenly when 
brought in contact with prey, which they capture like the tentacles of 
a polyp. The bending takes place beyond the point at which the 
axial filament ceases. Movements of this kind are transitional to 
those seen in flagella. 

(2) Flagella are vibratile thread-like extensions of the protoplasm, 
capable of performing very complicated lashing movements in 
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every direction. A flagellum consists of an elastic axial core 
enclosed in a contractile sheath or envelope (Fig. 24), from the 
extremity of which the core protrudes freely in some cases, forming 
a so-called “ end-piece.” The flagellum takes origin from a more 
or less deeply-seated granule, the blepharoplast, or basal granule, 
which will be described in dealing with the nuclear apparatus 
(p. 82, m/r«). The elastic axis, arising from the blepharoplast, 
can be regarded as a form-determining element of endoplasmic 
origin, the sheath as an ('cto])lasmic motor substance. A flagellum 
is usually cylindrical in form, with the axial 
fllament central in cross-section, but may be 
band-like, with the axial filament at or near 
one edge ; it is usually of even thickness 
throughout its whole length, but when the 
axial filament is exposed to form a terminal 
end - piece the flagellum tapers to a fine 
point. 

Like pscudopodia, flagella serve primarily for 
locomotion, and secondarily for food-capture, 
which is effected by causing food-particles to 
impinge on some point or aperture at the surface 
of the body, where they are ingested. In their 
relation to locomotion two types of flagella can 
be distinguished, termed by Lankester pulsella 
24. -- .Structuro and Imctella respectively. A pulsellum is 
situated at the end of the body which is 
lilanient; con- posterior in movement — that is to say, it is a 
"the which by its activity propels the body 

axial (ilaiiu iit ; c.p., forwards. Flagella of this type occur in Oxyrrhis 
(P- 278) “"d in the ChoanoflageUata (p. 271), 
ing of tho axial fila- kut arc comparatively rare in the Protozoa. In 
rooWf WTo^^lta^l' niajority of cases tho flagella are tractella — 

lum passing into say, their action is such as to drag the 

tho body^ them — hence they are situated at 

BiftsclUi (3). ^ ®*4d which is anterior in progression. Con- 

siderwl generally, the movements performed by 
tractella are of two t^es. In some cases the entire flagellum is 
thrown into even, sinuous undulations, and the body of the 
flagellate progresses with a smooth, gliding movement, which may 
bo extremely rapid, and is then well expressed by the lYench 
phrase mouvement en flwhe this typo of movement is well 
seen in the trypanosomes and allied genera, such as Leptomonas^ 
etc. In most free-living flagellates, however, tho flagellum is held 
out stiff and straight for the proximal two-thirds or so of its 
length, while the distal third performs peculiar whirling or pulsating 
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movenieiita,* which drag the body along in a succession of more or 
less distinct jerks. 


In many flagellated organisms, forwardly -directed flagella may 
be combined with so-called “trailing flagella” (“Schlepp-geissel”), 
which are directed backwards, running along the side of the body, 
either quite free (Fig. 25) or united to the body 


by an undulating membrane (Fig. 5). In such 
cases the trailing flagellum is perhaps the chief 
organ of propulsion, acting as a pulsellum, while 
theforwardly-directed flagcfllum or flagella may 
function more as tactile organs or feelers than 
as locomotor organs. The flagellum may also 
serve as an organ of temporary attachment in 
some cases, especially in parasitic flagellates ; 
it then often exhibits at its distal extremity a 
distinct bead-like swelling or enlargement, 
doubtless of adhesive nature. Such terminal 
enlargements are sometimes seen, however, in 
free-swimming forms. 

There are many grounds for a.s.sinning the oxistoneo 
of a gradual traii.sitioii from flagella to p-soutlopodia, 
and e.six)cially to the .slender axopodia .soon in 
Holiozoa, otc. In organs of each kind the ty|)o of 
structure is o.s.smitially similar, an axis of firm ola.stic 
naturo, which Is [)u.shod out from tho endoplasm, in 
many cases from a basal granule of centrosomic naturo 
(p. 82), and is covered over by a sheat h of contractile 
fluid ectopla.sm. Tho difference between them is one 
of degree, tho axopodia being relatively .shorter in 
proportion to their thickness, and consequently lo.ss 
flexible, but tho nutating and bending movements 
seen in axopodia are essentially similar in type to 
tho.se manifested by flagella. The Heliozoa are con- 
nocUid with tho Flagollata by transitional forms which 
indicate that ‘their p.soudopodia have arisen as 
modifications of flagella (p. 248). Goldschmidt, who 
di.scu.sso3 tho whole que.stion (41, pp, 116-122), de- 
scribes in a Cercomonas -Viko flagellate tho shorten- 
ing of the flagellum, and its transformation into 
a p.seudopodium which swings to and fro. A 
flagellum may bo considered as having arisen by 
modification and s|)ociaiiz;ition of an axopodium, 
and as capable in many instances of reverting to 
that tyjK? of organ. ((Compare also p. 465, infra.) 



F I fj . 25. — I n iso ricma 
ejrctrule, ventral view, 
.showing tho “ hotem- 
mastigote ” arrange- 
ment of the flagella, 
rt./., AnU'iior flagel- 
lum ; p.f., po.sterior 
trailing flagellum ; 
S, (Bsophagus; c.v., 
contractile vacuole 
surrounded by a 
number of feeding 
vacuoles; N., 
fiurlcus ; (in., anu.s 
(cytopyge). After 
Stein. 


(3) Cilia are slender, thread-like extensions of the ectoplasm which 
differ from flagella mainly in three points : they arc as a rule much 
shorter relatively to the size of the body ; they are present 
usually in much greater numbers, and in their most primitive typo 


* For a detailed description and analysis of these movements, see Delago and 
Hcrouard (6), pp. 305-312. 
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of arrange ni(‘ lit form, as it were, a furry covering to the body ; and 
their movements are different from those of flagella. A cilium 
performs simjile regular movements of alternate contraction and 
relaxation, whereby it is first bent like a bme, with a slight spiral twist 
(Sehuherg, 44), and then becomes straightened out again ; from 
this it may lx; inferred that the contractile substance is developed 
mainly on one side of the elastic axi.s — on that side, namely, which 
Ix'comes concave during contraction — instead of ensheathing the 
axis com[)letely, as in most flagella. Then the bending of the 
cilium would be the result of active contractility, acting against 
the elasticity of the axis, which is operative in causing the 
cilium to straighten out again when the contractile substance is 
relaxed. 

(filia ar(‘ usually implanted in rows on the surface of the body, 
and their movements are co-ordinated in such a way that the con- 
traction — or, as it may be bett(;r term(;d, the pulsation — of a given 
cilium takes place slightly aft(;r the one in front of it, and before the 
one behind it (t^ig. 2(1). On the other hand, the neighbouring cilia 
of adjacent rows pulsate in unison ; consequently, when a ciliated 



0.-— Diagram of ciliary niovoineiit, roprosentiiig the succe,ssivc phases of 
contraction and expansion in a row of cilia. After Verworn. 


suiface is seen from above with sufficient magnification, the niove- 
mi'nts of the cilia produce an optical effect similar to that seen in a 
cointield when the wind ])lowiug across it gives rise to an appearance 
of waves following each other in a continuous succession. When, 
however, a row of cilia is s(‘en in side-view, the successive beats of 
the cilia may produce the illusion of a rotating wheel ; hence the 
origin of such names as Rotifer, Trochophore, etc., applied to 
Metazoan organisms bearing rings or girdles of stout cilia. 

Ill s[)ite of Uie apparent dilferences between cilia and flagella, 
tbere IS no difficulty in regarding cilia as derived ancestrally from 
Hagella by a process of modification and specialization in structure, 
movement, number, arrangement, and co-ordiiration. Like pseudo- 
podia and Hagella, cilia may serve both for locomotion and food- 
capture. lu many cases the cilia specialized for thes(; two functions 
may be sharply distinct ; the food-capturing cilia, found in connec- 
lon with the mouth and the peristomial region, arc commonly 
much longer than the locomotor cilia, and show the tendency to 
orm fusions presently to be described. In sedentary forms loco 
otor cilia may be absent in the ordinary state of the animal, and 
)nly developed temporarily during motile phases. On the other 
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hand, in a purely parasitic form such as Opalimi (p. 439), in which 
a mouth is entirely absent, only locomotor cilia are present. 

The chief modifications of cilia, apart from variations in size and 
function, are the result of a tendency to adhere or fuse togetlier ; 
thus arise various types of organs, of whieh the most common are 
the cirri, memhranellce, and undulating membranes. Cirri are organs 
resembling bristles, formed by fusion of a tuft of cilia, just as the 
hairs of an ordinary camers-hair paint-brush adhere when moistened 
so as to form a flexible pencil. In many cases the cirri have frayed- 
out ends, in which the component cilia are distinct from one 
another ; and reagents often cause a cirrus to break up into 
separate cilia. Cirri have a locomotor function, and are especially 
characteristic of the ciliate Infusoria M'hich are of creeping habit 
(order Hypotricha, ]). 440, infra). The cirri occur on the ventral 
surfaces of the body — that is to say, on the side of the body turned 
towards the substratum on which the organism creeps, using the 
cirri practically as legs. 

Membranelloe are flapping or swinging membranes formed by 
fusion of two or more transverse rows of cilia implanted side by 
side, and adhering to form a flat membrane, the free edge of which 
often has a fringed or frayed border, representing the fre(‘ ends of 
the component cilia. Membranellfc occur usually in the r(^gion of 
the peristome in spiral rows, implanted one behind the other, and 
each mcmbranella performs simple movements of alternate flexion arid 
ex])ansion, comparable to those of a single cilium. Both in structure, 
origin, and movements, the membranellaj must be distinguished 
cl(;arly from the undulating membranes presently to be described. 

Undulating membranes are sheet-like extensions of the ectoplasm, 
which perform rippling movements, comparable to those of a sail 
placed edgewise to the wind ; or, better still, to the undulating 
movements performed by the dorsal fin of a sea-horse (Hip imam pus) 
or a pipe-fish (Syngnathus) when swimming. The undulating mem- 
branes of Ciliata consist simply of a single row of cilia fused together. 
Such membranes are found commonly in the tesophagus of In- 
fusoria ; in the vestibule of Vorticellids there are two membranes 
of this kind. In some genera, such as Pleuronema (Fig. 27), they 
represent the principal food-capturing organ, and reach a great 
development. Pleuronema swims about by means of its cilia, and 
comes to rest sooner or later in a characteristic attitude, with the 
cilia projecting stiffly from the body ; the large undulating membrane 
is then protruded from the mouth, and serves by its movements to 
waft food-particles down the oesophagus. 

Undulating membranes are also of common occurrence in the 
Flagellata, where they are of a different type from those of Ciliata. 
The undulating membrane in this class is always found in connec- 
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tion witli a (lagellum, ami is to be regarded as a web of the ccto- 
plasm (periplast) connecting the flagellum to the surface of the 
body. Such a condition may ari.s(i either by attachment of a back- 
ward ly-directed trailing flagellum to the side of the body, as in 
Trichomonas (Fig. 5) and Trypanoplasma (Fig. 36), or by the 
shifting backwards of the point of origin of an anterior flagellum, 
as is well seen in the transition from crithidial to trypaniform phases 
in the development of trypanosomes (Fig. 131). As a rule, only the 
proximal portion of the fiagellum is involved in the formation of 



Flu. 27. — Vkiu'ommu (hnjstdis. M, The uiululating mcinbrano ; o, mouth; 
A', inaoiomuk'iis ; n, mifronuclcus ; c.v., contractile vacuole ; f.v., food 
vacuole ; anal pore. After SchcwiakolT, inagnilicd G60 diamctcre. 

the undulating membrane, and the distal portion projects freely 
beyond it ; but in some cases a distal free portion of the flagellum 
may be (piitt* abscnit, and then flagellum and undulating membrane 
arc co-extensive (Fig. 12, J). Undulating membranes in Flagellata 
appear to be specially related to the cndoparasitic mode of life, and 
in free-living species they are found rarely, if ever ; they may be 
regarded as an adaptation to life in a broth-like medium, such as the 
intestinal contents, or the blood of a vertebrate, containing many 
suspended particles or corpuscles. In such cases the membrane 
may assist the organism to force its way between the solid bodies 
suspended in the fluid medium. Undulating membranes may, how- 
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ever, serve for other functioiLS than that of locomotion, in flagel- 
lates as well as in ciliates. In large, stout forms of trypanosomes, 
for example, the animal may remain perfectly still while its mem- 
brane is rippling actively, and in that case the function of the mem- 
brane is probably to cause currents in the fluid surrounding the 
body, and to change and renew the liquid bathing the body-surface. 
In such a case it has been noted that the undulating membrane 
may from time to time reverse the direction of its movements, the 
waves running for a time from the hinder end forwards, and then 
for a time in the opposite direction (Minchin and Woodcock, 42, 
p. 150). It is probable that the undulating membranes which jmss 
down the vestibule of Vorticellids can reverse their movements in a 
similar manner, since this passage serves both for passage of food- 
particles to the mouth and for the ejection of excreta from the anal 
pore and the contractile vacuoles. 

The only structures found in free-living Elagellata which can bo 
compared at all with undulating membranes are the peculiar 
“ collars ” found in the Choauoflagellata (Fig. HO), and also in the 
collar-cells of sponges. Each collar is an extension of the ecto- 
plasm which grows up from the edge of a circular area round the 
insertion of the flagellum, forming a membrane like a culf or sleeve 
surrounding the basal portion of the flagellum, but quite distinct 
from the flagellum itself, and not formed in actual connection with 
it like the undulating membrane of a trypanosome. The collar 
differs further from a true undulating membrane in not being 
energetically motile, but only slowly protrusible and retractile. It 
has been stated, both for Ohoanoflagellates and for the collar-cells of 
sponges, that the collar is formed by a spirally-folded membrane. 
Their function appears to be that of assisting in food-capture by 
a sessile, flagellated organism. 

(4) Contractile mechanisms in Protozoa, when they are visible, 
take the form of so-called myonemes, minute contractile fibrils run- 
ning in various directions in the ectoplasm, like an excessively 
minute system of muscle-fibres. Such elements are not found in 
Sarcodina or in the non-corticate forms of the other classes ; in 
naked forms with amoeboid movement the ectoplasm, as has been 
pointed out above, is only a temporary differentiation of the proto- 
plasmic body, which can arise by conversion of the endoplasm, and 
which can be changed back again into (mdoplasm. Myonemes occur 
commonly, however, in those Flagellata, Sporozoa, or Infusoria, 
which owe a definite body-form to the presence of a firm cuticle or 
cortex, representing a stable ectoplasm. The myonemes are often, 
however, extremely fine, and sometimes escape detection in cases 
in which we can infer their presence with certainty from the move- 
ments or contractions of the organism or of its ectoplasm. As a 
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general rule they are visible more or loss clearly in the larger, but 
not in the more minute, sp(‘cies. Thus, in trypanosomes, myoiicmes 
can b(i maihi out in large forms as delicate; lines running parallel to 
the undulating membrane (Fig. 28), but in small species of trypano- 
somes it may be impossible to discover them, although the nature 
of th(;ir movements may leave; no doubt as to the existence of con- 
tractile mechanisms in the ectoplasm. In other cases, both niedile 
sp(‘ci(;s j)ossessing myememes anel non-niotile species lacking them 
may e)ccur within the limits e)f a single group, as in Gregarines, 
where the motile species show a very distinct layer of myonemes 



(Fig. 29) ; while the non-motile 
forms have a much thinner ecto- 
plasm, represented practically by 
the cuticle alom;, with no trace 
of myonemes. In the non-motile 
trophozoites of the Coccidia myo- 



'2i^, ~Trypa)ioH(m(i pc av, stout 
form nUiiiu'd witli irou-ha‘matoxyliu 
to show myoiu'iues. After Miuchin, 
X 2,000. 


Fkj. 29 , — Gregarifut rnunieri, showing 
the layer of rnyonenios at the surface 
of the body, slightly diagrammatic. 
After >Schueidor. 


nenu's are similarly absent. In the ciliatc Infusoria the myonemes 
run parallel to, and beneath, the nnva of cilia, and in specks of 
large .size and great powers of contractility, such as iSterUor, the 
ni\ (menu’s are lodged in canals and show a transverse striation 
(l-'ig. 18li, /). 

According to Schaudinn, the.se motile mechanisms, both flagella 
and niyonemcs, are derived from the achromatic spindle of a 
dividing nucleus. In the development of a trypanosome from a 
uon-Hagellated condition, he describes the entire kinetic apparatms 
as arising from a nuclear spindle consisting of two polar eentro- 
somes connected by a centrodesmose (p. 103, infra), and by mantle 
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fibres, but with chroniosoines apparently rudiineiitary or absent. 
Snell a spindle is stated to persist and to grow greatly in length, 
oiu‘ pole of it finally ])rojeeting beyond the antindor end of the body. 
The (.*eiitrosonie at the proximal pole of th(‘- spindle beeonu's the 
lilepharoplast or basal granule of the flagellum ; the centrodesmose 
itself becomes the flagellum, or at least its axial elastic filament ; 



Flo. .30. — Developiiiont of the locomotor apparatus of trypanosomes. A — F, 
velopment of Trypanosoma nochim: A, the single nucleus of the “ookinete ” 
is dividing into two unequal halves ; in each half a centriolo is seen, connected 
with its twin by a centroih'smoso ; H. the division of the nucleus complete ; 
the two siskT-nuclei still connected by a centrodesmose uniting tlu^ ccntrioles; 
(', the smaller nucleus (a.) is dividing unequallv to furnish a third nucleus ('.!/.); 
D, E, the third nucleus is divi<ling to furnish a proximal {h.'jA) and a distal 
centriole, while the librils of the achromatic spindle become the myo- 
nemes {my.)’, T , develojunent of the trypanosome— jV, trophoiiiieleus ; n, kineto- 
nuclcus; 6.7.^, basal granule (true blepharoplast) of the flagellum. In 6’ the 
pigment {P) present in the earlier stages is being thrown off. After Sehau- 
(linn (132). 

G, stage in the development of the merozoite of Tryfanosomn roiatorium 
into the trypanosomc*form ; N, trophonucleus, still connected by a cen- 
trodesmose with n, the kinetonucleus, which has budded off b.g., the basal 
granule of the flagellum. After Machado (4f»h). 

the distal centrosomc is carried out on the tip of the flagellum ; and 
the mantle fibres form the myonemes, stated in this case to be eight 
in number, of the body, which are continued on into the contractile 
sheath of the flagellum (Fig. 30). However fascinating the views 
put forward by Schaudinn, with regard to these points, may be, it 
must be stated that the greatest doubt attaches to the correctness 
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of the observations upon which they arc founded, and that they 
lack confirmation entirely.* 

3 . Organs apparently of excretory function are present in many 
Protozoa as the so-called “ contractile vacuoles,” one or more droplets 
of clear li(iiiid which make their appearance in the ectoplasm, grow 
to a c(5rtain size, and then burst, emptying their contents to the 
exterior. When the contractile vacuole reaches its full size, it often 
bulgcis inwards far beyond the limits of the ectoplasm, and hence 
may ai)pear to lit^ in the endoplasm ; but its first appearance is 
always in the ectoplasm, to which it strictly belongs. 

In lion-corticate amoiboid forms the contractile vacuoles simply 
empty themselves to the exterior, and the changing form of the 
body does not permit of determining whether the position of the 
vacuole is a constant one. It is common in amoebic for the vaeuole 
to be lodged in the region of tlu^ body which is hindmost in progres- 
sion ; but this may b(i simply the mechanical consequence of the 
streaming movements in the protoplasm, whereby the vacuole is 
carried along to the hinder end of the body. In corticate forms, 
on tlie other hand, the contractile vacuoles are constant both in 
numbi'r and position, and void their contents through a definite 
pon; in tlu; cuticle, directly or indirectly ; in many Elagellata and 
Infusoria, for instance, the vacuoles do not discharge directly to 
the exti'i’ior, l)ut into the (esophagus or into a reservoir-vacuole 
communicating with the (esophagus. 

The growth of the contractile vacuole is caused by fluid draining 
into it from the body-protoplasm. In am(eba3 and forms of simple 
structure no channels supplying the contractile vacuole arc visible, 
and it must be suppost'd to be fed by a process of diffusion through 
the protoplasm from all parts of the body. In the highly-organized 
eiliate Infusoria, however, the deepest layer of the ectoplasm has a 
loose, spongy texture, and forms a definite excretory layer full of 
spac(^s containing fluid, which drains into one or more main canals 

* It must bo added further tliat, to judge from the figures left by Schaudinn 
ami published on Plato x.xix. of his collected works (“Fritz Schaudinn’s Arbei- 
tiMi.” Hamburg and I.i(‘ipzig, 1011), the statements cited above appear to be 
founded on prejmmiions made by a method of technique which is recognized 
generally as giving unsound oyUdogical msults — namely, the method of dried 
films stained by the Romanowsky stain. iSchaudiun’s statements are nevertheless 
cited above on account of the numerous theoretical discussions and speculations 
in modern piotozoologieal and cytological literature of which they have been the 
foundation. For my part, I disl»oliovo entiady in the theory that the flagellum 
represents a centrodesmosc l)etween two centrosomes ; I regard it as a simple 
outgrowth from a blepharoplast of a nature essentially similar to the axopodiiim 
of a Heliozooii. It is curious that no one has as yet extended 8chaudinn’s theory 
to tlio axopodia, the axial lilamcnt of which should also represent a centrodesmosc, 
if that view is conwt for the axial fllamout of the flagoUiini, a view that scorns 
to mo quite unthinkable from a phylogenetic standiKiint. Is it to be supposed 
that the formation of each pscudoixKlium by a Heliozoon represents a rudimentary 
mitosis ? j i j 
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supplying the contractile vacuole or vacuoles. Thus, in Stentor 
(Fig. 8) the single vacuole is fed by a canal running the length of 
the body, and in Paramecium (Fig. 185) the two vacuoles are each 
surrounded by a number of canals forming a star-shaped figure. 

As regards the function of the contractile vacuoles, it should be 
noted in the first place that their contents are always fluid and 
watery, and never contain solid particles of any kind. The fluid 
which a contractile vacuole drains from the body is doubtless 
re])laced by water absorbed from the surrounding medium by 
diffusion through the superficial layer of the protoplasm, or it 
may be through the mouth in some cases. The contractile vacuole 
is generally regarded as the organ of 
nitrogenous excretion, comparabhi 
functionally to the urinary organs of 
the Metazoa, but it is highly probable 
that the liquid discharged from it 
contains also the carbon dioxide pro- 
duced by the respiratory process. 

Hence the contractile vacuole may 
be regarded as both excretory and 
respiratory in function (see also 
p. 197, infra). 

4. In the majority of Protozoa 
there are no organs for which a defi- 
nite sensory or nervous function can 
be claimed, although these organ- 
isms show by their reactions to the 
environment or to stimuli that they 
possess sensory and psychical func- 
tions. In some cases, however, 
certain organs can be asserted to 
have a sensory function, exhibited 
in sensitiveness either to impressions 
of touch or light. Thus, in many Flagellates the flagella appear to 
be tactile as well as locomotor in function, and in Ciliata tactile 
cilia occur, especially in the creeping hypotrichous forms. 

Sensitiveness to light is a marked feature of many Protozoa, 
even of quite undifferentiated forms, such as amoobse. Rhumbler 
(34) has shown that many amoebae cease feeding in a strong light, 
and even disgorge food that they have taken in when suddenly 
subjected to the intense illumination necessary for microscopic 
study. This characteristic is, however, most marked in the holo- 
phytic species, to which light is a necessity for their plant-like 
metabolism. In the holophytic Flagellates a red pigment-spot, or 
stigma, is found constantly, situated close to the anterior end of the 



Fia. 31 . — Pouchetia cornuta, one of 
the Dinollagcllata, to show the 
largo stigma in front of 

which is a lens [1.). After Schiitt 
(386). 
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body (Fig. 4, st.). Tho belief that the stigma is the seat of light- 
perception receives support from the fact that in some eases it is 
found associated with lens-like structures, which evidently serve 
to concentrate light upon it and act as dioptric elements, as in 
l*ouch(iia (Fig. 31). 

B. Endoplasmic Organs. 

The bulk of the endoplasm in proportion to that of the whole 
body varies greatly in dilTerent Protozoa. In Flagellata, for 
(\xampl(‘, the protoplasmic body must be considered as consisting 
aliTKJst entindy of endoplasm, the ectoplasm furnishing only the 
dedicate peripiast and myonemes. Siinilarly, in motionless para- 
sitic forms, such as the Coccidia or the “ cadomic ” Gregarines 
(p. 320, th(^ body within the cuticle is entindy endoplasm. 

On the otlier hand, in Ciliata, in which the ectoplasm may give rise 
to a number of dilf(‘rent structures, the endoplasm is often a rcla- 
tivedy re'stricted region of the body. In these examples that have 
l)e('ii cited, the ectoplasm and endoplasm are probably stable 
lay(U‘s, and tlieir relative proportions arc consequently more or less 
constant for a given phase of the life-history ; but in amoeboid forms, 
as alr(‘ady pointed out, ectoplasm and endoplasm are interchange- 
a])l(‘, and the amount of each layer present in an organism varies 
witli the (‘xtent of its body-surface ; that is to say, the proportion of 
('ctoplasFii to endoplasm is greab^st when the ammba is moving 
actively and throwing out many pseudopodia, and least when it is 
in a resting condition and has assumed the spherical form. 

As stated above, the endoplasm is a fluid, granular substance, 
which contains various enclosures connected with tho nutritive 
function, and also the nucleus or nuclei. Hence it may be re- 
garded as the scat of trophic and reproductive functions. The 
nuclear apparatus will be dealt with in a separate chapter, since it 
belongs, strictly speaking, neither to the ectoplasm nor the endo- 
plasm, though commonly lodged in the latter. In this chapter 
only the structural elements connected with the function of food 
ingestion and tossimilation will be described. 

The contents of the endoplasm vary greatly, according to the 
mode of life of the organism. In saprophytic and most parasitic 
forms no special organs are found in connection with the nutritive 
function, the food being simply absorbed in a soluble condition 
at the surface of the body, probably by the aid of enzymes secreted 
by the organism, but not by any recognizable organs. In holozoic 
and holophytic forms, however, special orgaiLs, differing widely in 
each cj\se, are present for the Fissimilation or elaboration of food. 

1. In holozoic Protozoa the organs of assimilation take the form 
oi food-vacuoles, minute droplets of fluid in which the solid particles 
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ingested as food arc suspended and gradually digested. In some 
cases, however, and especially when the prey is r(‘lativ(*ly large, 
no distinct fluid vacuole can be made out surrounding it, but the 
food appears to be simply lodged in the endoplasm itself ; the 
vacuole is “ virtual.” When the digestion is completed, th(‘ in- 
solnbl(‘ fiecal residues are cast out of the body. 

In JVoto/.oa in which the body consists of naked, non-corticate 
protoplasm, the food is ingested, and the fjecal remains are e.xpelled, 
at any point on the surface of the body. In corticate Protozoa, 
on the other hand, in which the body is limited by a resistant 
envelope or cuticle of a certain strength and thickness, food can- 
not be ingested at any point, but is taken in through a special 
aj)ertur(^, a cell-mouth or cytostome. In such cases the organs of 
food-capture are either flagella or cilia, and by tlnnr action th(’i food 
is wafted into the mouth. Primitively the mouth is a superficial 
aperture in the cuticle, opcming into the endoplasm by means of a 
long(‘r or shorter tube, the (eso[)hagus or cytopharynx. In the 
PiTitricha (]). 433), howtwcw, the mouth and (esophagus are, as it 
were, carried into the body at the end of an in-sinking of the (*cto- 
plasm, which forms a long tube or vestibuh‘, comparable in its 
mode of formation to tlu^ stomoda?um of the Metazoa. In any case 
the food-vacuoles are formed at the bottom of the (esophagus, in 
the endoplasm. The mode in which the vacuoles arise, and the 
processes of digestion and defjecation, are discussed in a subse(|uent 
cha])ter (p. 189, infra). 

2. In holophytic forms assimilation is carried on by cell-organs 
of the same nature as those found in the green cells of ordinary 
plants. Of primary importance are the chromatophores, or chromo- 
plasts, bodies containing chlorophyll or allied pigrmuits by means of 
which the organism is enabled to decomi^ose carbon dioxide in the 
sunlight, setting free the oxygen and utilizing the carbon for build- 
ing up the living substance. The chromatophores vary greatly 
as regards size, form, and number present in the cell-body. Other 
bodies of constant occurrence are pyrenoids, small glistening cor- 
puscles which appear to serve as centres for the formation or storage 
of starch or similar substances of amyloid nature produced in the 
process of anabolism (see infra, p. 188). 

In any Protozoa, whatever their mode (5f nutrition, the endo- 
plasm contains usually various enclosures, which can be classed 
generally as metaplastic — that is to say, as products of the upward 
(anabolic) or downward (catabolic) metabolism of the living sub- 
stance. Instances of anabolic products are the grains of starch or of 
the allied substance, paramylum, found in the holophytic forms, 
and the reserve food-materials — fat, “ paraglycogen,” and other 
substances — often stored up in considerable quantity in prepara- 
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tion for developmental changes, especially in the female gamete, 
in a manner analogous to yolk-grains in an ovum. Instances of 
bodies resulting from catabolic activity are waste-products of various 
kinds in the form of granules, crystals, pigment-grains, etc., often 
present in great numbers, and giving the endoplasm an opaque and 
coarsedy-granular appearance. A familiar instance of such waste- 
products is seen in tlu^ grains of melanin-pigment formed in the 
bodi(‘s of the malarial parasites (Fig. 156) as a result of the absorp- 
tion and decomposition of the Inemoglobin of the red blood-cor- 
puscles. 

Many bodies present in the protoplasm of Protozoa may bo con- 
sielered as originally of metaplastic nature and origin, but as 
utilized secondarily for various functions. Such are the oil-drops 
in th(^ intracapsular pre)te)plasm of Radiolaria (p. 251), which appear 
to have a hyelre)static^ functiem, and also to serve as reserve foe)d- 
mate'rial in the development. It is also highly probable that both 
internal and external skelete)ns originateel simply as excretions in 
the first instance — that is to say, as waste - products of the 
metabolism which have been utilized for the function of support, 
and subsequently adapted and modified in accordance with the 
special requirements of the organism. 

Finally, as bodies of hydrostatic function, though not to be 
included necessarily under mctaplastic products, are the peculiar 
gas- vacuoles of Arcella, bubbles of gas which can bo secreted, 
absorbed, and formed again, as circumstances may require, in and 
by tile living protoplasm. 


Brhlw(jr(iphij , — For references see p. 477. 
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THE ORGANIZATION OF THE PROTOZOA {( -THE 
NUCLEAR APPARATUS CHROMATIN, NUCLEUS, 
CHROMIDIA, CENTROSOMES, AND BLEPHAROPLASTS 

Of Jill tlio parts or organs of the cell-body, there is none of gnniter 
importance for the life and activities of the organism than the; 
so-called nucleus, a term which, understood liberally, means simply 
a kernel or central portion of the body, and conveys no idea of the 
true nature of the structure hi question or of its significance for the 
lif(5 of the organism. 

The cell-nucleus, in all its various modifications of form and 
structure, is essentially and primarily a collection of grains and 
particles of a peculiar substance which has received the nanui 
chromatin, on account of its characteristic tendency to combine 
with certain colouring matters and dyes. A nucleus may consist, 
perhaps, in some cases of little rnon^ than a single mass of chromatin, 
or of several such masses clumped together. In most cases, how- 
ev(‘r, the chromatin is combined with other sulistances which may 
be termed comprehensively achronialin, and which are built up with 
the chromatin in such a way as to produce a couqilicated nuclear 
structure, as will be described in detail presently. 

The chromatin-substance is not necessarily, however, concen- 
trated entirely in the nucleus in all cases. In many Protozoa, 
esjiccially amongst the Sarcodina, as, for example, Arcella (Pig, 32), 
Diffiugia, and many other genera, the cell- body contains, in addi- 
tion to one or more nuclei, cxtranuclear granules of chromatin, 
termed chromidia,* which may be scattered in the cytoplasm 

The term “ chromidia,” in the German form “ Chromidicn,” was coimul hy 
Hertwig (Oh) to denote the extranuclcar grains of chromatin, and the wliole mass 
of them in the cell- body was spoken of as a ” Chromidialnetz.” Subsecpient 
authors, however, have used the word in its singular form, ” chromidium,” in a 
coUeetTve sense, to denote the entire mass of chremidia present in a cellular organ- 
ism, and not, as might have been expected, to mean the individual grains or 
particles of chromatin which constitute the chromidial mass. In order to avoid 
confusion, it is proposed in this work t(j use the term chromidiomim to <lenoto the 
smallest chromatin-particles of which the chromidial mass is made up, and which 
grow and multiply by division like other elementary living bodies. It is clear, 
however, that the chromidiosomes of which the chromidial mass scattered in the 
cytoplasm is built up are in no way different in kind from the minutest granules 
of chromatin contained in the nucleus. The term “ chromidiosomo ” must there- 
fore be applied to the ultimate, individual giuin or particle of chromatin, alike 
whether it be lodged inside or outside a nucleus. 
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iliroiigliout the cell, or may be aggregated in certain regions of 
the body to form “ chromidial masses ” or “ cliromidial nets.” 
it is i^ven found that in some species a true nucleus may be absent 
temporarily during some phases of the life-cycle, all the chromatin 
being then in the form of chromidia, from which nuclei arise by a 
process of c()nd(;iisation and organization of the chromatin in com- 
bination with achromatinic dements. Such a condition may be 
regariled as a temporary reversion to a more archaic and ancestral 
condition, since', as has been pointed out already (Chapter L), the 
Protista of the lower or bacterial grade of organization do not 
possess, speaking generally, a true nucleus, but only scattered 
grains of chromatin. Hence the chromidial condition of the 
chromatin may be ranked as an earlier and more primitive stat(5, 
froiii which the strictly cellular grade of organization has been 
evolved by concentration of some or all of the chromatin to form a 
nucleus. Jn the tissue-cells of Metazoa, as a general rule, and in 
many Protozoa, the chromatin is concentrated entirely in the nucleus 
or nuclei, and chromidia do not occur. 

^Vhatevcr vie^v be taken as to the primitive or secondary nature 
tif tlu' (jhromidial condition (a question upon which individual 
opinions may diller considerably), the following facts can be stated 
ddinit('ly witli regard to the chromidia. In some cases the chromidia 
can be observed to arise as extrusions of chromatin from the nucleus, 
vhich ('ither casts olf a certain amount of chromatin into the cyto- 
plasm, while preserving its individuality, or may undergo complete 
fragmentation, becoming resolved entirely into chromidia, and 
ceasing to exist as a definite nucleus. In other cases, chromidia 
arise from pre-existing chromidia, by growth and multiplication 
of the cliromidiosojues, thus keeping up a chromidial mass or stock 
Mhich is propagated from cell to cell through many generations, 
indcpemh'iitly of the niielei present in addition to them in the cell. 

ihe chromidial mass itself may vary considerably in sti-ucturc 
in different cases or at different seasons ; the chromidiosomes may 
e aiianged in clumps, strands, or trabecula), on a protoplasmic 
lamev ork, and the mass is often vacuolated and contains substances 
other than chromatin. In Dijflmjia, Zuelzer ( 85 ) has shown that 
in the autumn the cliromidial mass assumes a vacuolated or alveolar 
structure, and in each alveolus grains are formed of a carbohydrate 
substance allied to glycogen, which functions as reserve food- 
niak 1 ial foi the organism during the reproductive iirocesses initiated 
at that season. 

On tlu othei hand, as chromidia arise from nuclei, so nuclei may 
arise from chromidia. In many Protozoa, as, for example, Arcella 
I -)) tu foimation of so-called “secondary” nuclei (wliich, 
io\\Lvtr, do not differ from other nuclei except in their mode of 
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origin), by concentration of chromidia into a clump or mass which 
acquires gradually the structure and organization of a true nucleus, 
is a fixapient and normal occurrence in the life-cycle, as will be 
seen in subsequent chapters. Those who regard the chromidial 
condition as the more primitive will see in the formation of secondary 
nuclei from chromidia the ontogenetic recapitulation of tlie phylo- 
genetic origin of the nucleus as a structural ehunent of the c(‘ll -body. 

From the foregoing it is seen that nuclei, in the Protozoa, do not 
necessarily arise from pre-existing nuclei ; the generalization “ Omnis 
nucleus e nucleo,” though it probably holds good universally for 
the cells of Metazoa, cannot be maintained for Protozoa if the term 
“ nucleus ” be taken in its strict sense. On the other hand, there 



li(j. il, -A rcMd vid^aris, to show foniiutlou of secondary nuclei from the ehro 
niiilia. A, Ordinary type of individual, with two nuclei and aringofcliromidia ; 
B, exain|)lo in wliich .secondary nuclei are being formed in tluj chromidial 
ring. iVq Tiirnary nuclcu.s ; N^, s(!Condary nuoleUH in procc.ss of formation ; 
chr., chromidial ring ; o, aperture of the .shell. After Ji. Hertwig ((>5). 

is no evidence that chromatin, within or without the nuchms, can 
ever arise de iwvo or in any way except from pre-existing chromatin, 
the particles of which grow and multiply as the result of process(;s of 
assimilation such as constitute the most essential characteristic 
of the living substance generally. 

There is no doubt, hoAvever, that chromatm may itself give rise 
to other substances of acliromatinic nature, and probably of simph'T 
constitution, by a process of breaking down of its complex sub- 
stance ; and also that there may be present in the cell various 
substances very similar to chromatin in their properties and charac- 
teristics, representing stages in the building-up of the complex 
material of the chromatin-substance. In one or the other of these 
Wo Avays it is possible to account for bodies in the cell known by 
various names, such as “ metachromatinic grains,” “ chromatoid 
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grains,” and so forth — bodies wliich are oftt‘n mistaken for true 
eliromatin, hut \vlii(!li must l)e carefully distinguished from it, just 
as meta])lastic bodies are to lx* distinguished from protoplasm. 
Among such bodies must he mentioned mon* (‘spi'eially the so-called 
“ volutin-grains,”* u hieh hav(^ attraetcnl much attention of recent 
yc^ars, and which occur in various bacterial oi’ unicellular organisms, 
'rhe volutin-gi’ains resendde chromatin in showing affinitk^s for 
so-calletl ” nuclear stains,” which they hold more firmly than the 
chromatin itsi^lf, when tr(‘ated with reagents that extract the; stain. 
According to Reichenow ( 78 ), volutin is a nucleic acid combination 
which is to he reganh'd as a sp(‘cial reserve-material for the forma- 
tion of tlu^ nuclco-proteins of the chromatin-substance ; during 
phase's of the lihseycle in M'hich the. chromatin in the nueh'us 
increases in (piantity, the volutin in tlie cytoplasm diminishes, and, 
conversely, wlu'ii tlu', epiantity of chi’omatin is stationary, the 
volutin-grains increase in number. Volutin-grains are thus seen 
to bt' bodies of totally dilfereiit nature from chromidia, with which 


tlu'v ar(^ often confuscHl on account of tlu'ir similar ap])(’.arance and 
staining reactions ; chromidia are formed, typically, as extrusions 
from till' nucleus into the cytoplasm ; volutin-grains, on the other 
hand, ai'c formed in tin; cytoplasm, and rc'prt'sent, as it were, a 
food-substance which is absorbed by the nucleus in the growth and 
formation of the chromatin. In some cases, ho\V(;ver, the nieta- 
chromatinic grains may I’epresent chromidial extrusions from the 
nucleus which are hrc'aking down or being modified into other 
substances ; compare, for example, the e.xtrusion of vegetative 
chi'omidia, which (h'generate into pigment, from the nucleus of 
Aciinihsp/uerimn during a depi'cssion-period (p. 209 ). 

I he occurrence in tlie cell-l)ody of volutin and other substances 
Inch resembh' chromatin very closely may often ri'iider extremi'ly 
difiicult the task of identifying and distinguishing the true chro- 
matin, especially when it is not concentrated into a tleliniU^ nucleus, 


but is scatteri'd in the cytoplasm in the form of chromidial grains. 
Ihe test upon which reliance is most usually placed for the identi- 
fication of chromatin is its staining properties, and especially its 
readiness for combining with basic aniline dyes and certain other 
coloiuing matters. Rut this test is extremely inadequate and un- 
reliabh' ; on the one hand, as has been stated above, there are 
substances, such as volutin, which are coloured by “ nuclear ” 
stains more intensely than the true chromatin itself ; on tlu^ other 
hand, iu cellular organisms which possess true nuclei containing 
uiu oubted chromatin, the staining reactions of the nuclei may be 
stii ingly dilfeient in dilfereiit cases. A good example of each of 
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tlu'sc statements is furnished by tlie trypanosomes ])arasitie in 
vertebrate blood : on the one liand, these parasites oft(Mv (Contain 
in tiieir cytoplasm so-called “ chromatoid grains,” probably of the 
nature of volutin (Suellengrebel, 514), which stain in a similar 
manner to the nuchnis ; on the otlnu* hand, the nueh'i of th(‘ 


))arasites nnict to stains in a manner vei’y dilfenuit from th<‘ 
inicl(‘i of th(^ blood-cells amongst which th(\v livm. In short, it 
is not possible to name any stain or class of stains which can be 
r(‘li(‘d upon (uther to combine with chromatin alone, or to stain 
chromatin in the same manner and to the same degree, at all times 
and in all cases* (compare Fig. Xi). When, 
therefore, the adjectives “ ohromatinic ” and ^ ^ 

“ achromatinic ” are used in the course of / \ 


this work, it must Ix^ clearly understood 
that these terms signify that the bodies or 
substances to Avhich they are applied con- 
sist or do not consist, as the case may b(‘, 
of chromatin, and not that they stain or 
do not stain with certain dyes. 

As r(‘gards the chemical nature of chro- 
matin, it is characterized by containing 
])rotein-substances more (jomplex in com- 
|)ositi(jn than any other part, of tlu^ cell ; it 
is not possible to say definitely, howev(‘r, 
whether it is to be regarded as a single 
chemical substance or as a combination or 
mixture of s(‘veral. Its most salient feature 
is its variability ; judged by microchemical 
tests, no two samples of chromatin can be 
considered identical in composition, wliether 
from different cells or even from the same 



Fm. -Diagram to ropro- 
Ront in a graphic manner 
the a(;iion of colouiing 
matters that stain chro- 
matin. Th(‘ circle drawn 
with an nninterrnptcd lino 
is supposed to represent 
a theoretically ])erf('c.t 
chromatin - stain, whicli 
would stain (ihrornatin 
always, and nothing else 
hut chromatin ; thccirch'S 
drawn with interrupted 
lines represent tlu^ action 


C(‘ll at different times. Certain substances, 
es|)ecially phos|)horus-comp()unds, are espe- 
cially characteristic of nucleo-proteins, but 
it is not possible at the present time to 
define or identify chromatin by its chemical 
properties or composition. 

All experience at the present time tends to show that the final 


of chromatin stains actu- 
ally ; they will stain chro- 
matin as a general rule, 
though notin variahly, hut 
th(!y will also stain other 
things whi(!h arc not chro- 
matiji. 


test for the identification of chromatin in the coll is its relation to 


tlK? vital activities and life-history of the organism. The term 
chromatin ” is thus to be regarded as denoting a biological or 
physiological, but not a chemico-physical, unity. A given body 


* Methyl-green, acidulated with acetic acid, ha.s .sometimes been indicaU'd a.s a 
most distinctively nuclear stain ; but Hertwig (tU) has shown that in the nuclei 
of Actinoftphoirium thi.s stain coloum the plastin-framework, and not th(^ chro- 
matin, and tins author ca.sts doubt on the alleged value of this stain as a reagent 
for demonstruting chromatin in the nucleus. 
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or grain in the cell cannot he definitely identified as chromatin, in 
all cases, by any chemical or physical test, but only by its relation 
to the life and dcve^lopmeiit of tlui organism as a whole, and more 
(‘specially to the function of reproduction and the phenomena of 
sex, as will b(^ shown mon^ fully by means of concrete instances in 
subsequent chajitcTs. The sum of modern knowledge with n'gard 
to the vital aciiviti(‘s of living bodies and the life-liistories of 
organisms, whether plants or animals, Protozoa or Metazoa, 
indicaU'S that the chromatin exercises a regulative and determina- 
tive iuHuencc over the functions and properties of the c(dl-body. 
Direct exp(’rimental proof of the all-importance of the nucleus for 
the life of the coll is obtained by cutting Protozoa into pieces, some 
containing portions of the nucleus, others consisting of cytoplasm 
alone (p. 210, mfra). Those ])ieces that contain nuclear substance 
ar(^ abl(‘. to regenerate the lost parts of the body and to perform 
all the functions of lib', and in particular those of assimilation, 
growth, and rc!]iroduction ; those, on the contrary, that contain no 
portion of th(^ iiuchnis rapidly lose the pijwer of assimilation, and 
are unable to r(‘generate the body, to grow or to reproduce; and 
though they remain for a time irritable and capable of movement, 
th(‘v soon lose thes(‘ pro])erti(\s. Tliere are a number of facts which 
indicate that in tlu' physiological activities of the cell the chi(‘f 
fuiud ion of the nucleus is the foi’ination of ferments ; it is therefore 
all-important in regulating the assimilative processes of the living 
suhstance (]). 194). 

41ie conci'ption of chromatin as the directive and regulative centre 
of the cell-body renders intelligible a number of phenomena con- 
nect(‘d with it, such as the elaborate mechanisms which, as will be 
described in the next chapter, are gradually evolved and perfected 
for the exact p.irtition of the chromatin in the reproduction of 
the cell by division, and the relation of chromatin to the 
sexual process. Further, the extremely variable nature of the 
chromatin-substance becomes at once intelligible on this view of 
its relation to the specific characters and properties of the organism ; 
for since every spccie.s of living being — perhaps, even, every in- 
dividual of the same species — differs to a greater or less extent 
from every other : then, if such differences arc determined by the 
chromatin, it follows that the chromatin must also differ to a 
corresponding degree in each case, and that consequently uni- 
formity of character in different samples of chromatin cannot be 
exp(‘cted to occur. 

Hertwig (67, 92) considers that a certain quantitative relation of 
nucleus and cytoplasm is necessary in any cell for the normal 
continuance of the vital functions. This nucleo-cytoplasmic ratio 
(“ Kernplasma-Relation ”) is subject to variations at different 
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periods of life-history, but is the Scame, normally, for coriM'spomling 
])hases of the life of the cell ; it can be infhienccxi by exb'rnal con- 
ditions, such as food and temperature, and also by intc'rnal factors, 
undergoing changes in a regular manner, in harmony wifrh ehangiiig 
functional conditions of the cell. In culturt's of a givc'ii species 
at a lower temperature, multiplication is slower and tlu^ organisms 
grow larger and possess larger nuclei ; with increase of tennperatun^ 
the reverse takes place (com])are p. 206, infra). It has also Ixsm 
observed that, in long-continued cultures of Protozoa, periods of 
active assimilation and multi]dication ani follow(‘d by piniods of 
depression, during which assimilation and reproduction arc at a 
standstill, even in the midst of abundant nutriment (sec especially 
Calkins, 5). The depression-periods are characterized by an in- 
crease of the nuclear substance relatively to tln^ cytoplasm, a 
“ hyperchromasy ” of the cell, which may lead to the death of the 
individual unless compensated by the elimination and absorption 
of part of the nuclear su})stance (p. 209, infra) ; when tlu^ balanci^ 
has been thus restonnl, the organism becomes normal and fc(Hls 
and multiplies again. From this conception of a definite relation 
between the mass of the nucleus, or rather of the chromatin, and 
that of the cytoplasm, Hertwig has dcdu(5(Hl a number of important 
consequences to which reference will be mafic in subsecpuMit cha])t(ws. 

The influence exerted by the chromatin upon the life of the 
organism may bo manifested in two ways, which may b(^ tfUMued, 
for convenience, actual and prospective^ respectively. In tlu’i first 
case it regulates the metabolism and functions, both trophic and 
kinetic, of the cell in which it is contained, and is then commonly 
termed vegetative chromatin, or trophocliromalin. In the second case 
it may be dormant and inactive in the cell that contains it, remaining 
latent, as it were, until carried on to future generations in the 
course of cell-reproduction ; at a later period the whole or a part 
of this latent chromatin may become active, determining the nature 
and properties of the offspring, and thus serving as the vehicle for 
hereditary transmission of the characters of antecedent generations. 
Such temporarily dormant chromatin is commonly termed genera- 
tive chromatin, or idiochromaiin. It is probable that in all Protozoa 
the cell-body contains chromatin both in the active and inactive 
state, the one regulating the vital functions of the living body, 
the other remaining dormant, in reserve for future generations. 

The validity of this conception, according to which the chromatin 
present in an organism is regarded as being either vegetative or 
generative in function, must be tested by its capacity to account 
for the facts of the development and life-cycle which will be con- 
sidered more fully in subsequent chapters. There are no means 
of recognizing and distinguishing vegetative and generative chro- 
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matin except by their respective relations to the life-cycle, at certain 
periods of which, as will seen, the- nuclear apparatus is entirely 
iTconstituted, effete vegetative chromatin being eliminated from 
the organism, either cast out or absorbed, and its place taken by 
reserve gi'iimativc' chromatin. Tt is only necessary to remark that 
soiiK^ authoriti(‘s speak of vTgetative and generative chromatin as 
if they were two distinct kinds of substance, whereas they are 
probably to be considered rathm* as two phases or states of one and 
the same chromatin. V^(‘getativc chromatin is that which is in a 
state of functional activity, and which thereby tends to become 
exhausted and cff<‘.t(‘. in its vital jiowers, exhibiting in consequence 
th(‘ phenomena of “ senility.” Generative chromatin, on the con- 
trary, by remaining inactive, cons(‘rves its youth unimpaired, 
and constitutes a reserve from which the worn-out vegetative 
chromatin can be reiilaced. Generative chromatin of one genera- 


tion may become vegetative chromatin in the next. 

As regards their distribution in the cell-body, in some cases 
v(‘g(‘tative and generative chromatin cannot be distinguished by 
the observer as separate structural elements, but are mixed up 
together in the same nucleus ; in other cases, however, they occupy 
distinct situations in the body. Thus, in Sarcodina it is common 
for the Y(’g(‘tative chromatin to be lodged in the principal nucleus 
or nu(;l('i, while the gi'iierative chromatin occurs in the form of 
eliromidia, as in Arcdla (Fig. 32), or vice versa. In the Infusoria 
there an' two kinds of nuclei, which are shown by their behaviour 
to consist, the one of vegetative, the other of generative chromatin. 
Chromidia, when present in the cell, may also differ in kind, being 
in some casi's ('xtrusions from the nucleus of purely vegetative 
chromatin, in process of elimination, while in other cases, as 
already mentioiu'd, the chromidia, or a part of them, represent 
the generative chromatin (sec p. 150, infra). 

Tlie nuclei of Protozoa exhibit great variety of structure and 
form as compared with the relatively uniform structure of the 
nuclei of Metazoa. As stated already, the constituent substances 
or structural elements in any nucleus may be distinguished broadly 
as chromatin ic and aehromatinic : the former consisting of the 
chromatin, the primary and essential element never absent in any 
nucleus ; the latter comprising various accessory structures, an- 
cillary to the chromatin, and not all of them invariably present 
in any given nucleus. Amongst the principal acliromatinic con- 
stituents of nuclei in general must be mentioned the following : 
(1) linin, occurring in the form of a framework, which stains feebly 
or not at all by chromatin-stains, and which presents the appear- 
ance of a delicate reticulum or network, the optical expression of 
an alveolar structure ; (2) a fluid enchylema or nuclear sapy filling 
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the interstices of the linin-framcwork ; (3) plastin, a substance 
which has staining reactions diiferent to those of chromatin, and 
which occurs in lumps or masses forming the ground-substance of 
the nucleoli or karyosomes presently to be described. The whole 
nucleus is commonly enclosed in a membrane, but this structure is 
probably formed in different ways in different cases, and may be 
absent. In addition to these 


various constituents, there are 
commonly present also in con- 
nection with nuclei bodies of 
kinetic nature. kSuch are the 
cenirosornes or centrioles, which 
appear to control, or at least 
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to act as centres for, the move- 
ments which the various parts 
of the nucleus perform during 
the process of reproduction by 
division. 

The structure and appear- 
ance of nuclei depend chiefly 
on the manner in which the 
chromatin is distributc'd. 3 Vo 
principal types of structure may 
be distinguished : in the first 
th(^ chromatin is concentrated 
into a single ma.ss or grain, or, if 
other grains arc present in the 
nucleus, they are smaller and 
relatively insignificant in size ; 
in the second a number of 
grains are present which are- 
more or less equal in size. In 
the condition with a single, 
or one greatly preponderating, 
mass of chromatin, the nuclear 
space is not as a rule filled by 
it, but presents the appear- 
ance of a vesicle containing 
the chromatin-mass at or near i 



Fio. 34. — Cyclical vegetative changes in the 
resting nuclei of Trirhosphmrium .tieholdi. 
A, Stage with finely- nieshed chromatic 
network and large karyosome (see p. 7<)); 
ll, the meshes of the network widc^ning, 
the karyo.some budding off blocks of 
chminatin into it ; C, the same process 
carried farther ; 1), coarse network con- 
taining scanty chromatin at the nodes, 
karyosome wanting ; A’ to G, the chro- 
matin increases gn^atly in quantity, 
covering tlie linin-frarnework — in G the 
meshes of the network arc becoming 
finer ; //, the network ha.s become fine- 
meshed again ; I, a karyosome is being 
formed by condensation of the chro- 
matin at certain j)oints, leading to the 
condition of A again. AftcT Schaudinn, 
X 2,250. 

centre ; consequently such nuclei 


are commonly termed “ vesicular ” in type, and the chromatin ic 


mass may be termed generally, and without further determination 
of its precise nature, an endosome (“ Binnenkorper ”). When, on 
the other hand, the chromatin is in the form of numerous grains, 
they are generally distributed more or less evenly throughout the 
nuclear cavity ; such nuclei are termed “granular.” 
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Every transition from the one type of structure to the other may 
be found in tiu’: nuclei of Protozoa ; in a vesicular nucleus the prin- 
cipal mass ()f chromatin may break up iiito smaller grains which 
become distributed throughout the nuclear cavity ; in a granular 
nucleus some or all of the graifis of chromatin may be clumped 
together, and beconu* fused t<» form a principal or singh^ mass of 
chromatin. 8uch changt'S may tak(‘ place during successive periods 
of activity of one and the same nucleus (Fig. 34). It is usual to 
sp(^ak of th(‘ condition of the nucleus as “ resting ” Av^hen it is not 
actually und(‘r going the ])rocess of r(‘production by division ; but 
it must be borne in mind that, so long as the cell is in a state of 
physiological activity of any kind, the nucleus also shares in this 
activity, and, strictly speaking, cannot be said to be resting. The 
.activity of the nucleus is expressed in continual changes in its 
structure and rc'arrangements of its chromatin-substance and other 
constituents. In the gregarine Porospora gigantca, Legcr and 
Duboscq (72) h.ave observed changes taking place rhythmically in 





tic. 115.— Suocc.si.sivo .stagc.s of the karyo.sonio (see p, 70) of Poroft'imn gigarifea, 
Hhowiiig tho (raiisfoniiatioii of a hollow into a hotnogeiK'ous ivaryo.sotne by 
c.xpulsiou of a va(!uolo of clear vi.sooiis lltiid into the nuclear cavity, where it 
fonn.s a little inaa.s of chromatin in front of the inicroiiylc. After Jaeger and 
l)ul)o.scq (72). 


the living condition (Fig. 35) ; compare also Chagas (48'5). Hert- 
wig (04) has shown that the structure of the nucleus of Actino- 


sphanmn can be correlated with the functional activities of the 
cell. Thus a condition with the chromatin all concentrated to 
form a central endosome is found prior to division of the nucleus, 
and is also found when tho animal is being starved ; on the other 
haml, Avhen it is supplied with abundant nutriment and is feeding 
.ictively , the chromatin-grains spread over the whole nuclear space. 
Since, howtwer, abundant food also leads to frequent nuclear 
division, the condition with the chromatin concentrated at the 


centie also occurs during active cell-metabolism, as well as during 
hunger-periods. 

In the simplest condition of the nucleus the grain or grains of 
chromatin are lodged in a space or vacuole, containing a clear fluid 
01 nuclear sap, but not enclosed by a definite membrane. Nuclei 
of this simple type of structure arc seen in some of the primitive 
onus, such as the small amoeba} of the Zfwaa;-type, in which tho 



THE nucleus 


75 


nucleus consists of a largo mass of chromatin suspended in tlu' 
nuclear sap. In some cases no other structural elements can he 
made out ; in others the nuclear sap contains granules of periplu'ral 
chromatin varying in size from the most minute and scarcely 
visible particles to distinct grains. For a simjde nucleus of this 
type the term “ protokaryon ” has Imnui propos(‘d ; it is just sucli 
a nucleus as may be imagiiu'd to have arisen by a concentration 
of chromidiosomes at one spot in the cell-body, and in many cas('s 
such nuclei can be seen to be formed actually in this maniuu-. The 
kinetonucleus of try])anosomes may be considered as a nucleus of 
this typo in which the single mass of dense chromatin fills almost 
or quite completely the space in which it lies. In other cases there 
may be a clump of chromatin-grains more or less cMpial in siz(‘, 
filling the nuclear cavity, as in the nucleus of hamiogregarines. 
When there are numerous grains of chromatin, those placed super- 
ficially may be united to form a limiting layer which may be termed 
a “false” or “ chromatin ic ” membrane, in distinction to a true 
nuclear membrane, which is an achromatinic structure. Even in 
nuclei of the most simple type, however, substances or structure's 
accessory to the chromatin are probably always present. 

In the first place, it is very probable that the grain or grains of 
chromatin do not lie loosely and freely in the nuch'ar vaesuole, but 
are suspended in it, in all cases, by a delicate achromatinic franu'- 
work, presenting the appearance of a fine network or n'ticulum, at 
the nodes of which the chromatin-grains are lodged. It is true that 
in many of the minute and primitive forms no such framework has 
been made out, and is believed by many observers to be absent ; 
but on that view it is difficult to account for the definite position 
of the chromatin, its changes of position during division, and the 
frequent appearance, during this process, of an achromatinic spindle, 
phenomena that may be noted even in the simplest cases. The 
achromatinic framework is often very fine and delicate, and its 
substance stains feebly or not at all with the colouring matters 
commonly employed in microscopical technique ; hence it is very 
probable that it has often been overlooked in cases where it is 
really present. When there is but a single mass of chromatin, or 
one grain very much larger than all the others, the achromatinic 
reticulum presents the appearance of very delicate threads of 
linin radiating from the principal mass of chromatin to the 
periphery. When, on the other hand, there are numerous grains 
more or less equal in size, the reticulum is seen as fine lines passing 
from each grain of chromatin to each of the grains adjacent to it. 
In all probability the apparent “ threads ” of the reticulum are but 
the optical expression of the walls or partitions separating alveoli, 
and there is no reason for considering the achromatinic reticulum or 
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liniii framework as diflerent in any essential point from the 
alveolar framework of the general protoplasm, with which, in nuclei 
that lack a tine nuMiihrane, it is perfectly continuous. Hertwig (GO) 
regards th(‘ cytoplasmi<r framework as achromatinic substance in 
intimate combination with chromatin; the nuclear framework, on 
the other hand, as pure' achromatinic substance (linin) from which 
tile chromatin has iKssime s(‘parat(‘d out and organized into special 
structures, indepemdent of the framework in which they are lodged. 
Similarly, the nuclear sap filling the nuclear space and the inter- 
stices of th(^ n'ticulum must Ix' identified with tlu^ enchylema of 
th(^ body-proto|)]asm. As compared with the alveolar structure 
of the genei’al [irotophxsm, that of the achromatinic nuclear frame- 
work is characbu'ized chiefly by the larger size of the alvcmli, and, 
conse(iuently, the greater distinctness of the apparent reticular 
structure. 

A true nuclear imunbrane, when present, is probably formed in 
all cases from the achromatinic framework. In the nuclei of Actino- 
sphcprhmi, according to Hertwig (64), the membrane is a super- 
ficial cond(‘nsation of the achromatinic reticulum. The membrane 
may attain to a considerabh^ thickness and appear doubly-con- 
toured in o])tical section, separating the nuclear framework com- 
pletely from the extraniichw protoplasm ; but it is always a structure 
\'(‘ry readily absorbexl and re-formed, and it appears to present 
no obstachi to the passage of substanec from the nucleus into the 
cytoplasm, or vice versa. Awerinzew (47), on the other hand, 
regards the nuclear iiKunbrane as a product of the cytoplasm. 

In addition to the achromatinic framework, plastin is commonly, if 
not invariably, present in the form of masses or bodies which receive 
dilTerent names, according as they consist of pure plastin or of 
plastin impregnated to a greater or less extent with chromatin. 
In th(' vesicular type of nucleus, the endosome may perhaps consist, 
in some cases, of pure chromatin, but in most cases, if not always, 
it is composed of a matrix or ground -substance of plastin in which 
the chromatin is lodged. An endosome of this kind is termed a 
karyosome, or chromatin-nucleolus ; as a rule it has the form of a 
lounded mass, occupying the centre of the nucleus, sometimes of 
more than one such mass, but in a few cases it may have the form 
of a crescent or cap (“ calotte ”) closely applied to the nuclear mem- 
brane. In the granular type of nucleus, on the other hand, there 
may be one or more masses of pure plastin containing no chromatin ; 
such a body is termed a nucleolus simply, or a “ plastin-nuclcolus.” 
In the nuclei of the tissue-cells of Metazoa, true nucleoli occur 
almost invariably ; in the nuclei of Protozoa, however, pure plas tin- 
nucleoli are not of common occurrence, but have been described 
in a few instances — ^for example, in the hgemogregarine-nucleus 
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(Heichenow, 78). As a general rule in the Protozoa, the plastiii-sub- 
stanco is found as the matrix of karyosomes, but also as that of 
other masses of chromatin, such as the chromosonu's of tlie dividing 
nucleus (see next chapter). Goldschmidt (41) observed that the 
formation of gcmcrativtj chromidia in Mastigella (p. 265) was ])rc- 
c(^dcd by the extrusion of plastin from the nucl(ms into the cyto- 
plasm, to serve as a matrix for the chromatin which passed out 
from tlie nucleus subsequently. In AclinosphcBriiini, Hertwig has 
shown that a karyosomc or chromatin-nucleolus, present during 
certain stales or })hases of nuclear activity, may give off its clwo- 
matin-substance into the nuclear framework (reticulum), leaving the 
plastin-matrix as a body which is then seen to consist of a reticular 
framework similar in structure to the achromatinic reticulum of the 
nuclear framework, but distinguished from it by smaller nu'shes 
(alveoli) enclosed by thicker walls, as well as by its different staining 
properties. Certain phases of the development of Adinospheerium 
are further characterized by the formation in the nucleus of 
numerous small plastin-nucleoli, each consisting of a single vesicle 
(alveolus) of plastin containing nuclear sap. 

Thus, a nucleus in its full complication of structure, and apart 
from the centrosomic elements, to be discussed prcscmtly, consists 
of tli(5 following parts : (1) An achromatinic framework or nuclear 
reticulum ; (2) a true membrane, formed from the achromatinic 
framework, and separating the nuclear contents from the surround- 
ing cytoplasm ; (3) nuclear sap, pervading the entire nuclear cavity ; 
(4) plastin, in the form of one or more bodies or masses which may 
consist either of pure plastin (nucleoli) or of plastin impregnaL^d 
with chromatin (karyosomes) ; and (5) the chromatin, which may 
be present either in the form of granules lodged at the nodal ])oints 
of the reticulum, and scattered evenly or uneveidy throughout the 
nuclear framework, or may be concentrated in a karyosomc, or 
may combine both these two modes of distribution in various ways. 
Achromatinic framework and nuclear sap may be considered as a 
part of the general body-protoplasm, enclosed within the nuclear 
space, and set apart from the cytoplasm as a special nucleoplasm ; 
plastin, on the other hand, is probably to be regarded as a product 
derived from the chromatin itself, either as a secretion or as a 
modification of its substance, to form a cement-like material or 
matrix in wliich true chromatin is carried. The two primary con- 
stituents of a nucleus are chromatin and protoplasmic framework. 

Nuclei, whatever their structure, are, as a general rule, bodies of 
spherical or ovoid form ; but in some cases, especially amongst 
Infusoria, the nuclei exliibit very varied forms in different species. 
The nucleus may then be sausage-shaped, or in the form of a horse- 
shoe, or resemble a string of beads (“ moniliform ”), or be branched 
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in a complicated manner. In the remarkable Acinetan Dendrosoma 
radiam a colony is formed by budding, which resembles super- 
ficially a hydroid colony, each hydranth being represented by the 
lunid of an Acinetan individual with suctorial tentacles ; the 
branched nucleus is continuous throughout the whole colony, pass- 
ing uninterrupt(Hlly from one individual to another. 

Typically the cell-body contains a single nucleus, but in many 
Protozoa two or mon; nuclei occur constantly. When there are 
more nuclei than one, they may be all alike 
and (piite undilferentiated, or they may show 
differences in size, structure, and function. 
In many Sarcodina multiple nuclei without 
differ(‘ntiation arc found to occur constantly 
in certain species ; for instance, two in Ammba 
hinuclcala and Arcclla ; several, perhaps a 
dozen or so, in IHfjiugia (Pig. IG) ; from 
tw(‘nty to forty up to some five hundred in 
Adinospha’rium (Pig. 8); so also in Vclomyxa ; 
and in the large plasmodia of Mycetozoa many 
thousands of nuchu are found. 

l)if!(‘r(‘ntiation of nuclei, when it occurs, 
may be ixdated to various causes. In trypano- 
somes and allied forms two nuclei occur con- 
stantly — a principal nucleus, or trophonuchus^ 
so called because it appears to regulate the 
general metabolism and troj^hic activities of 
the cell-body ; and a kmetofmdeus, which is in 
special relation to the organs of movement, 
flagella, and undulating membrane. As a rule 
the kinetoiiucleus is smaller, in some cases very 
minute, <and has a dense compact structure, 
while tin; trophonucleus has a vesicular struc- 
ture ; but in other cases {Trypanopkmm) the 
kinetoiiucleus is the larger of the two (Pig. 3G). 

A nuclear differentiation of totally opposite character is seen 
in the Infusoria, where two nuclei of different sizes, hence termed 
macronucleus ” and “ microiiucleus,” are constantly present ; the 
behaviour of these two nuclei in relation to sexual phenomena and 
reproduction (vide p. 153, infra) shows that the macronuclcus is 
composed of vigetative chromatin, while the micronucleus contains 
the reserve generative chromatin. In some ca.ses — for example, in 
Myxosporidia (p. 403) — nuclei of different sizes occur in relation to 
sexual differences. 

In some Protozoa— the so-called ‘‘ Monera ” of Haeckel— the 
nucleus has been stated to be wanting entirely ; but this statement 


afl. 



Fu!. ;{(». — 'rri/jHino- 
finsnui fill nuiforn m 
from tlu' lilood of iho 
pilui (Ay’.sur Indus), 
a.jl., Anterior llagel- 
lum; u, kiiK^toiiu- 
ol(Mi8 ; N , trophonu- 
cleus ; p.fL, posterior 
lla^ellum formingthe 
edgo of th<; uiulula- 
ting numilirane, and 
continued iH^yond it 
as a very short free 
liagellum [)osteriorly. 
After Minehiu (478), 

X 2, out). 
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is ])robably based on incomplete or erroneous o])servation, oi- on 
defective technique. In all Protozoa that have Ix'eu examiiuMl in 
recent times, at least one nucleus has been found to occur without 
exception, though in some phases of the development the nucleus 
may temporarily disappear and resolve itself into chromidia. 

There now remains for consideration the (piestion of tln^ ci'iiti’o- 
some, the centre of the kinetic activity of the nucleus. Of all the 
questions connected with the nuclear apparatus, those relating to 
the centrosome are the most difficult to handle in a general manner, 
largely on account of the minuteness of the bodies dealt with, aiid 
the consequent difficulty of ascertaining their structure and com- 
position, even their presence, in many cases, llcmce, in the litera- 
ture of the centrosome, there is found considerable confusion in 
the terminology, dilfenuit authors disagreeing entirely as to the 
precise structures to which the name centrosome should be applied, 
and o])posed theories, which cannot be discussed adcM^uately in a 
short space, have been put forward as to the nature and origin of 
the centrosome. 

As the focus of the kinetic activities of the nucleus, the centro- 
some is most apparent and recognizable when the nucleus is in 
process of reproduction by division, and much less so wheii the 
nucleus is in the so-called “resting state.” Hence the study of the 
nucleus during the process of division is alone decisive as to the 
presence of a centrosome in any given case ; and since in many 
cases nuclear division appears to go on without centrosom(\s bcmig 
l)resent, it may be taken as equally probable that, in all such cases 
at least, no centrosome is present in the resting state of the nucleus. 
In many cases, however, the presenct; of a centrosome in, or in 
connection with, the resting nucleus can be ascertained clearly ; 
it may then lie either outside or inside the nucleus. 

When the centrosome lies outside the nucleus, as it usually does 
in the cells of Metazoa, it is found typically as a minut(5 grain or 
pair of grains (“ diplosome ”) close beside the nuclear membrane. 
Its presence may be indicated by the radiate structure of the 
surrounding protoplasm, giving the appearance of a system of rays 
centred on the centrosome ; but such radiations are absent as a 
rule during the resting state of the nucleus, and the appearance of 
rays is often the first sign of impending activity and division of 
the nucleus. In many cases the centrosome is found lying in a 
mass of clear protoplasm termed archoplami, a substance which 
differs, apparently, Loin the re^^t of the cytoplasm only in being 
free from granulations of all kinds. Archoplasm may, in short, be 
regarded simply as pure cytoplasm, and it appears either perfectly 
homogeneous, or traversed by striations which radiate from the 
centrosome, through the archoplasm, and even beyond its limits; 
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tlio HtriatioiiH themselves being the optical expression of a radiate 
arrangement of the protoplasmic alveoli (meshes of the “ retic- 
ulum indicating lines of force or tension centred in the cemtro- 
sonn;. In some cases it is probable that archoplasm showing 
radiate; striations may be pre'seiit without aeiy centrosome. In 
AcMno>sph(rrmm Ifeu’twig showed that rays were formed in the 
archoplasm before a centrosome had been formed, and heralded its 
apjj(;arance. 

Wlu'ii the centrosome lies within the; nucleus, it is found most 
fre([iu‘ntly, in Protozoa, Avithin a plastin-body or karyosome, a 
position which it may retain permanently during both the resting 
and dividing conditions of the nucleus. The simple nuclei of 
the protokaryon-typ(; probably contain in most cases a centro- 
soniic grain lo{lged in the karyosojue. In a few cases, liowev(;r, 
afi intranuclear centrosome occurs without a karyosome, or outside 
the karyosome if one is present. On the other hand, there arc 
many exampl(;s of the occurrence of cxtranuclear centrosomes in 
Protozoa ; but these are for the most part cases in which the centre- 
some is in relation, not only to the kinetic functions of the nucleus, 
but also to those of other cell-organs, as will bo described presently. 
Nuclei cofitaining centrosomes have been termed “ centronuclei ” 
by Boveri. 

The centrosome is s(;en, as a general rule, under the form of a 
minute grain, or ccntriole. This is the form in Avhich it occurs 
invariably when it has an intranuclear position, lodged within the 
karyosojue. But Avdien it occurs outside the nucleus, it exhibits 
structural peculiarities which may vary at different periods, and 
it oft(Mi [)resents cyclical changes corresponding to different phases 
of the activity of the nucleus. Thus, in Actinosphccrium, Hertwig 
(04) describes the centrosome at its first appearance as a relatively 
large body of spongy structure, formed at one pole of the nucleus from 
extruded portions of the acliromatinic reticulum (Fig. 37, A — E), 
At this stage, in w hich the centrosome is termed a cenirosphere, it 
lies in a patch of archoplasm, and is the centre of a well-marked 
system of radiations. The centrospherc then gives rise, by con- 
densation of its substance, to tw o centrioles, or to one w hich divides, 
and at the same time the archoplasmic radiations become fainter 
and disappear (Fig. 37, F, G). The centrioles then take part in 
the division of the nucleus, and when this process is complete they 
again become spongy centrospheres, w hich go through the same 
series of successive changes that have already been described. Ana- 
logous cyclical changes of the centrosome have also been described 
in other cases, and have led to a conflict of opinion as to whether 
the term “ centrosome ” should be applied to the whole centrosomic 
complex, as it may be termed, or to the centrioles,' of which many 
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may be present It is simplest in theory, and probably correct in 
fact, to regard the centriolo as the primary, in .nany ca;es the sole 
constituent of the ccntrosomc— an clement which may be caiiabh.’ 
to a greater or less extent, of changes in size and structure, and 
which multiplies by division. To the primary centrosonio or 



formation of the ccntrosomc. /I, Concentra- 
t m citinf towaids one iwlo of tho nucleu.s, near which 

Uio oytof^lasm appears freo from granulations, forming tho arohoplasm • 

w 5 fh i ® lying in tho archoplasm ; E, spongy controsomo 

O tho cmtmS'"® *■""* ‘f tho arohoplasm to the nucicus ; 

controsomo passes back again to the vicinity of tho nucicus and 

archoplasm also diminishes tera- 

poraiily m quantity ; H, division of the centrosome. After Hertwig ((J4) 


ccntriole there may be added adventitious elements of protoplasmic 
or nuclear origin, thus forming a centrosomic complex which may 
J^ttain a size relatively considerable in some cases. 

So far the centrosome has been discussed only in its relation to 

G 
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the kinetic activities of the nucleus, a function which may be re- 
garded as its primary and most characteristic role. It may act 
also, however, as the centre of other kinetic functions of the cell- 
body, especially in relation to motile organs such as flagella ; it 
then appears as the so-called “basal granule,” from which the 
flagella take origin. The basal granule appears as a thickening 
at the base of the llagellum. It may be continued farther into 
the cytoplasm, or connected with the nucleus, by means of one 



or more root-like processes known 
as the rhizoplast. A centrosomo 
which is in relation to a motor 
cell-organ is termed generally a 
hlepharoplast. The rhizoplast may 
have various origins ; in some cases 
it represents the centrodesmose 
(p. 103) which connects the bleph- 
aroplast with the nuclear centro- 
somc, or the remains of such a 
connection ; in other cases it repre- 
sents the remains of the nuclear 
spindle of the previous nuclear 
division, as in the swarm-spores of 
Stcmonilis fiaccich (Jahn, C9) and 



Fia, 38 . — Mmtigina seiom, aftrr dold- 
schmidt (41). n., Nuclcu.s from which 
the long llagellum arises ; the body 
18 full of diatoms and other foo<l- 
bodies. The surface of the body has a 
coveringof short bristle-like processt^s. 


Fig. 39. — Connection of the flagellum 
and the nucleus in Mastigina setosa, 
A and B, As seen in the living 
states ; C, after fixation and staining. 
After Coldschmidt (41). 


the collar-cells of Heterocoela (Robertson, 79) ; while in some 
instances it may be formed by outgrowth of root-like processes, 
of no special cytological significance, from the hlepharoplast. 

Ihe relation of the nuclear to the kinetic apparatus is best 
studied in the Flagellata, where tlwee principal conditions may be 
distinguished as follows : 

1. The cell-body contains but a single centrosome, which functions 
also as a hlepharoplast ; these two names, then, denote two different 
phases of activity of one and the same body, which is a centro- 
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some when it is aetive in relation to the division of the nucleus, 
and a blepharoplast when it is in connection with flagella or other 
motile organs during the resting state of the nucleus. In this, 
])robal)Iy the most primitive state of things, tlu're are, further, two 
different structural conditions found to occur in diffenait cases. 
First, the centrosorne - blepharoplast may be within, or closely 
attached to, tlic nuchms ; secondly, it may be quite independent 


of the nucleus, and some 
distance from it in the cell- 
body, during the resting 
state of the nucleus. In 
the first case — of which an 
example is seen in Masligirui 
(Figs. 38, 39), paralleled by 
collar -cells in the Leuco- 
soleniid type of calcareous 
sponges — the flagellum ap- 
})ears to arise directly from 
the nucleus ; in the second 
case, exemplified by Mas- 
lif/ella (Fig. 40), and by 
collar-cells of the Clathrinid 
type, the flagellum takes 
origin quite independently 
of the resting nucleus. In 
both cases alike, the flagel- 
lum generally disappears 
b(;fore division of the nucleus 
begins ; the blepharoplast 
becomes the centrosorne, 
divides, and initiates the 
division of the nucleus ; the 
new flagella of the daughter- 
cells grow out from the two 
daughter - centrosomes dur- 
ing or after division of the 



nucleus, and in either case, 

when the two daughter-cells are completely formed, their centro- 
'^omes, as blepharoplasts, remain as the basal granules from w'hich 
the flagella arise, 

2. The cell-body contains more than one body of centrosomic 
nature — namely, a definitive centrosorne, in relation to the single 
nucleus, and, in addition to this, one or more blepharoplasts in 
delation to motile organs. Then, when division of the cell takes 
place, one of two things may happen. 
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In the first place, the HKigelhim or flagella may disappear, together 
with their blepharoplasts ; the nuclear centrosorne divides into 
two, which control the division of the nucleus in the usual way, and 
the centrosorne of each daughter-nucleus divides again into two, 
one of which is the definitive centrosorne, the other the blepharo- 
plast, of th(^ dauglitiT-cell. The new flagella may either grow out 
from th(^ daughter-centrosom(‘s before they divide, and be carried 
off, as it were, by the jiroduct of division which becomes the 



^ o 1 SjX)nijomonas splendida, to show different ways 

m whifili tlio (laughter-llagella arise. Compare the stages of JS. uveUa (Fig. 42). 
A Uestmg condition of the cell. Early stage of mitosis; the two flagella 
a^t^ absorption, together with their blepharo- 

lamllT. “/’‘Sing ftt the poles of the nuclear spindle ; the 

disappeared. D, Nucleus completely divided; 
nuel i"' kaiyosome of a daughter- 

10 \ Wopharoplasts are still enclosed ; in the other dauihtor- 

off Z ttn^ given 

the blepharoplasts, from which 

ho flagella arise are quite indoiiendont of the two daughter-nuclei After 
Hartmann and Chagas («2), magnification about 2,400 diaietoT 


Wepharoplast (Fig. 41, C, D. E ; Fig, 42, C), or tliey may not arise 
fioni the blepharoplasts until a later period, after they have 
separated off from the definitive centrosomes (Fig. 42, D E F) 
Ihe examples figured show that these differences in the origin of 
the flagella may occur as developmental variations in one and the 
same species. 

tlJ“ '"1“ the blepharoplasts and flagella may persist 

tlwoughout the division of the cell ; then either the old flagellum 
and blepharoplast arc retained by one daughter-cell, while the other 
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foriiiH a now blopliaroplast from its C(;iitrosoino, ami sul)so(pioutly 
a new flagellum ; or tlic blepliaroiflast of the pai-eiit ct'll diviih's 
iiKh^pendently to form the bIepharo]flastH of tlie daughter-eel Is 
(Fig. 43). In this last type, the blopliaroplast, though obviously 
a body of ccntrosomic nature, acquires a more or less complete 
independence of the definitive centrosome, and becoiiu'S a distinct 
(jell-organ, permanent for at least a certain number of ccll-geiK'ra- 
tions ; it may multiply and undergo various structural complica- 
tions, to bo described presently. 



Fkj. 42. — Stages in the division of SjMngomonas rivcUo. A, Resting oondition of 
the cell ; two flagella arise, each from one of a pair of hlepharopla.sts (di[)l(y 
some) ; the nucleus contain.s a largo karyosonie, in which tlio centriohi is 
lodged, and a few irregular grains of perii)heral chromatin in the nuclear cavity. 
Ji, Early stage of mitosis ; an achroinatinic spindle is formed with tlu^ centriolcs 
at the poles, one contriolo (on tho right) having aln^ady divided into two ; 
the chromafin, both peripheral and central, has united to form a dense 
equatorial plato in which separate chromosomes cannot be discerned ; the 
flagella have disappeared, together with their blepharoplasts. C, Similar 
stage in which tho daughter-flagella arc growing out precociously from the 
ccntrioles, one on the left, two on tho right. D, Late*r stage in which the 
ct^uatorial plate has split into two daught(^r- plates, but no flagella liave as 
yet grown out from tho ccntrioles, of which there are two at each pole, /i, 
Division of tho nucleus neu.rly complete ; no flagclhy F, Nucleus completely 
divided, daughter-nuclei in process of reconstruction ; from (;ach a pair or 
blepharoplasts has Ix'on buddcil off, still connected by a centrodesmose with 
the contriolo contained in tho karyosonie; a pair of daughter- flagella has 
arisen from one ])air of blepharoplasts, but not as yet from the other. Alter 
Hartmann and Chagas (02), magnification aliout 2,400. 


3. In certain flagellates — for example, trypano.some,s and allied 
forms (“ Binucleata ”) — the cell-body ccjntains twoniudei, a.salr(‘ady 
noted: a trophonucleus and a kinetonucleus. To what extent 
these nuclei are provided with centrosomes is at present a little 
doubtful ; probably this point Ls one which varies in dilTcrent cases 
(compare Wenyon, 84). There are, however, thrcjc chief possi- 
bilities : (a) There may be but a single centrosome, that of the 
kinetonucleus, which acts both as blepharoplast and division-centre 
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for the cell ; then, when cell-division takes nlace iho Lin .f j 
firstdiviclcs.and the two products of its division place tl."r,t"s 
on each side of the trophonucleus and act os its centrosoines as 
described by Franca and Athiius (56)* ; (5) the troplionueleus may 
have a ceiitrosomo of its own. lodged in tlie karyosome, i,i addition 
to the cewtrosomc-hlepharoplast in connection with the kin, .to- 
nucleus , this is probably the most usual condition with two siib- 
ordmato variations, according as the ceutrosomo-blepharoplast is 
( i gc within the kinetonuclcus, as in Lcishmania tropiai (Wenyon 
84). or i.s situated close besulo it. as in most trypanosomes ; in eitlan' 
case the kinctonucleus and trophonucleus divide ipiite independently 
of one another, as commonly seen ; (c) it is possible, but perhaps 
not very probable, that in some cases there may bo a bleiiliaroplast 
tor the flagellum distinct from the centrosoines of the two nuclei • 
such a condition, perhap, occurs in TryjHimpla.ma. In all cases 
alike division is initiated by the centrosome from which the 
flagellum arises; next the kiiiotonuclous, ami lastly the tropho- 
iracleus, divide, 

i”™'- in Ibo f..r„K»i„K iiara- 

with a 'no l>''y'‘>Sonotic explanation, (smarting 

sine n JL. • 1 "* a ■'‘‘"'pin pmlokarynn contains a 

?cror„,o f“ r first origin 

actSvtn ^ "• nnnlmis (<)'•). No such con.lition is 

ol tin nv r fiagollatos, though it may tw com pared to the origin 

(.soo LCr' ln rirt/nop/,r,,/s.|y|x, of lleliozoon 

oarenfl./"^ ’ " llagollatcs tho contro.somn-blopliaroplast alway.s, ap- 
flat out of tho nucloiis, either reinaiiiin^f in clo,se nroxiniily to it 

iy^ becoming quite in(Io|xm(lent of it (U), the two variation.s of the first 

Jorivod by division of tho eenfrosonie-hlopliaro- 
pust to form tho dofinitivo contriolo and the blepharoplast ; (ho latter may 
of it ^2^' ^ proximity to tho nucleus (2') or hecomo quite independent 

snPPn*"! ‘o wiso bom tho hypotholical priniilivo 
hi.iki U , ' supptwing th.at, not the hlepharopla.st-c«ntrosoni,) alone, 
fiin nucleus, divides to form two nuclei of unequal sizo and distinct 

/•la mif ^^^P^^o^^uoleus and kinotonuoleus, each with its own contriolo 

hi ’ 1 1 ^ contriolo of tho kinctonucleus, which is at tho same time the 

oP? /^c? • cither remain within tho kinotonueloiis (3'') or come out 

II relations to tho kinetonuclcus are parallel to those of the centro- 
>^me- blepharoplast to tho nucleus in typos 1* and 1'*. Or, on tho other hand, 
may divide into a definitive kinotonucloar 
n^rosome and a true blepharoplast (3''). Tho condition with only a siiiglo 
‘iitnolo for both tho nuclei may, if it exists, bo derived from 3’ or 3'' by 
supposing that tho trophonucloar controsonio becomes atrophied. 

When a blepharoplast exists independently of the nuclear 
apparatus, it may retain the form of a single grain or basal granule 
bf the flagellum, when this organ is single, or it may multiply to 

Franca and Athias arc not, however, confirmed by Lcbedetf 
nl f doubted whether any species of trypanosome or other “ binu- 

cieate exists which has but a single division-centre in the cell. 
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form two or mor(^ gniiiis wlum th(‘rc are numerous flagella. Thus, 
in Ijyphcmwna^-, whieli shows the extiTinc of complication, thm’e are 
numerous hasal granules corresponding to Hie tuft of flagella 
(Fig. 45) . Each basal granule in this case is divided into a proximal 



Fic. 14. — Diagrammatic ivprcsoutation of the possible phylogenetic origin of the 
clilh ient types of flagellar attachment in llagellaU^s, For the sake of sim- 
l)licity it is suppo.sed that the animal ha.s but a single ilagellum. O', Non- 
llagellated cell with a centriole in the nucleus ; O'', in a cell like the last a 
Ilagellum arises from the centriole ; 1*, condition with a Ilagellum arising 
close beside the nucleus ; I’’, condition with the blephaioplast quite separate 
from the nucleus ; 2', divi.sion of the single centriole into a definitive centro- 
some and a blcpharoplast, which iM'Comes tiuitc indeixmdent (2'’) of the 
nucleus ; IF, division of both nucleus and centriole to form distinct kinetic 
and tiopliic nuclei, each with its own centriole ; 3'’, the kinetonuclcar centriole 
i-emains within the nucleus ; 3' , the kinetonuclcar centriole becomes distinct 
from the nucleus ; 3'', condition with a single centriole in the cell ; 3^', condition 
with a blcpharoplast distinct from the centriolcs of the two nuclei. 

and a distal granule, and the pairs of granules are arranged in a 
ring, interrupted at one point ; the tuft of flagella takes origin from 
the distal granules of the ring. When the nucleus divides, the 
daughter-centrosomes give rise to new rings of blepharoplasts, 
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from which daughtcr-tufts of Hagella grow out ; tlm old tufts, with 
their rings of bh'pliaroplasts, persist for some tiiiu' afti'i* tlu' lu-w 
ones have been formed (Fig. 45, C), but ultimately they (h>g(MUTate 
and disappear. The ring of blepharoplasts in Lophonumm is 



supported on the edge of a membranous structure, or “ calyx,” 
^bich in its turn is surrounded by a peculiar striated bcxly, the 
collar ” of Grassi, or “ parabasal apparatus ” of Janicki (Fig. 45, 
Janicki (71) has found a corresponding parabasal apparatus 
m other flagellates, especially in Trkhontjmphidce ; the significance 
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of this peculiar structure remains for the present problematical. 
In the spores of Derbesia, Davis (“Annals of Botany,” xxii., 
pp. 1-20, plates i. and ii.) has described a condition very similar 
to that of Lophornonas—mmaly, a double ring of blepharoplasts, 
which, however, fuse together to form a ring of homogeneous 
appearance. The blcpharoplast-grains arc? given off from the 
nucleus. 

Ccntrosomic bodies may be related, not only to flagella, but also 
to iweudopodia, especially in those cases in which the pseudopodia 



onThtUSt?" f mS contn,d 

coetmetilo vacuole ,7.e., food.’vi^u'oirlrr 


have become specialized in form and movement, as in the Heliozoa. 
In this group the relationship of the nuclear apparatus to the 
Feudopodia exhibits two types of arrangement, which are analo- 
go^ to the two arrangements described above in Mmligirm and 
respective y, and which may be explained by supposing 
that m the one case the kinetic centre lies within, in the other case 
without, the nucleus itself. Thus, in AtHnophrys (Fig. 46) the 

XhT o«“tred on the skgle nuclei in 

® contained. A variation of this type is 
described by Schaudmn (43), in the peculiar multinucleate form 
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Camptonema nutans, in which a pseudopodiuni arises dirc'ctly from 
each nucleus (Fig. 47).* In Acaiithocyslis (Fig. 18) an example 
is seen of the second type, the evolution of which can be traced 
in the actual development ; in the buds of Acantlmcystis a centriole 
is contained in the karyosomo of the nucleus, but during the growth 



of the bud into the adult condition the centriole passes out of the 
nucleus, and becomes the so-calltHl “ central grain ” of the adult, 
a corpuscle which occupies the centre of the body, and upon which 

* In AdinosphoRrium, however, there is no relationship between the pseudopodia 
and the nuclei. From the researches of Hertwig (W), it is evident that in this 
form the centrosomes are lost altogether during the vegetative life, and are formed 
only in certain phases of the development (p, 115). 
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the axial filaments of the pseudopodia are centred, while the nucleus 
is displaced to one side and becomes exceiitric in position ; when 
tlu; cell enters upon division, the central grain becomes the centro- 
some (Fig. 64). 

From tho condiUoii soon in Acanthocystia, it is not difficult to explain tlK5 
Htato of things which 1ms boon described by Zuolzor (86) in tho romarkablo 
form Waqnerdla (p. 246). Hero also the buds foriTHid possess oaoh a single 
nucleus containing a centriolo ; in this condition thoy may multiply by li.ssion 
with mitosis, in which tho contriohi functions as a controsomo. When tho 
buds dovolof) into tho adult form, a centriolo is extruded from tho nucleus 
to form the central grain. I’lie organism attaches itself, and tho body becomes 
divided into throe regions —head, stalk, and basal plate (Fig. 48). Tho 
nucleus travels down into tho basal plate, while tho central grain remains 
in the head and functions as tho kinetic centre of tho psoudopodia, becoming 
very complicated in structure. It consists of a controsomo surrounded by a 
sphere, which is pirhaps of tho nature of archoplasm, but is stated to bo 
ritih in plastin ; when the psoudopodia aro extended tho sphere shows well- 
marked radial st riations. From tho controsomo minute granules aro budded 
off. which pass along tho striations of tho sphere to its surface, and from those 
granules arise tho delicate axial lilamonts of tho psoudopodia ; tho b.isal 
granules aro therefore comparable to tho ring of blepharoplasts in Lophomoms. 
When the psoudopodia are retraiUod. tho basal granules lie within tho sphere, 
immediately surrounding the centro.some, and tho radial striations of tho 
sphere vanish. Tho controsomo itself varies in structure at dilTorent times, 
going through cyclical changes, but usually shows a distinct central granule or 
centriolo. 

When Wagnerella divides by lission, tho central grain a)\d tho nucleus 
divide indofxmdcmtly, and tho central grain does not act as a controsomo 
for the dividing nucleus, which contains its own centriolo. Tn this form, 
therefore, the C(mtral grain, though centrosomie in origin and nature, loses 
its primitive nilation to the division of tho nucleus, and becomes sp(^cializod 
exclusively as a kinetic centre for tho organs of locomotion, a cour.so of ovolu- 
tion [KU’fectly parallel to that which has bwn traced above for tho blepharo- 
plasls in their relation to llagella. 

While tlierc; can be but little doubt as to the centrosomie nature 
of the blepharoplasts or basal granules of the flagella, and of the 
central grains on which the pseudopodia of the Heliozoa arc centred, 
the true nature of the basal grains of cilia, on the other hand, is 
less certain. The majority of those who have studied them in 
Ciliata are of opinion that they have nothing to do with cemtro- 
somes (compare Mait>r, 73, and 8chuberg, 44, and see p. 443, infra) ; 
but there are certain observations which indicate that the basal 
granules of the cilia have a connection with (Collin, 50), or an 
origin from (Fntz, 53), the nuclear apparatus, in which case they 
may be of the same nature as the multiple blepharoplasts of such 
a form as Lophoimnas. llertwig (GO) considers that the basal 
grains of the cilia may be of centrosomie nature, and that, if they 
have no connection with the nucleus, they afford support for the 
view that centrosomes can arise from the cytoplasm as well as 
from the nuclear framework. In view of the great structuial 
similarity between cilia and fiagella in other respects, it seems 
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hardly likely that the basal granules would be of a different uatiur 
in the two cases. The whole question of the nature of the ba.sal 
granules has been discussed in a recent nienioir by hhiiard (54). 









41(^48.— Haf7«m'//«6orca/i>,Merc8chk. A, Whole spcci men 
wen under a low magnification: II „ head containing 
the centml gmin ; P, stalk ; N., nucleus contained iri 
the basal iJaUi of attachment. B, Enlarged view of 
the head, after fixation and staining with iron-hajma- 
oxylin; c., cuticle of the stalk; ps., pseudopodia; 
ax., axial filaments of the pseudopodia, each arising 
&er(8G)'^ granule; c.fj., central grain. After 


Few problems in cytology have been more discussed than the 
question of the nature and origin of the centrosome, and three 
opposed views have been put fonvard which may be t<>rmcd re- 
spctivcly, the achromatinic theory, the nucleolo - centrosomic 
theory, and the nuclear theory. 
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According to the achromatinic theory, the centrosome is “ an 
individualized portion of the achromatinic nuclear substance ” 
(Hertwig, 60), a kim^tic centre on which the mov^nnents of the 
framework are focuss(‘d. The essential and primary constituent 
of the centrosome is the centriole, and so long as the centrosome 
remains intramich'ar, as in perhaps the majority of Protozoa, it 
consists of the tu'utriole alone. Wlicfi, liowcver, tlu^ centrosome 
b(*comes extranuch'ar, as in many Protozoa and almost universally 



Fio. 40.~-Parani(i’ha cUhardi : stages of the life-cycle. A, Amooba in the vegetative 
stage: N,, nucleus; n.k., “ Nebenkem ” ; d., ingested diatom. B, G, D, 
Stages in the multiplication of the encysted amceba ; in B the Nebenkern 
has (livided up, the nucleus is still undivided ; in 0 the nucleus has divided 
uj) into a number of daughter-nuclei, each of which has paired with a daughter- 
Neb(mkern ; in 1) the body has divided into a nurnWr of daughter-cells, each 
containing a nucleus and a Nebenkem. E, A fme-swimming flagellula, derived 
from one of the daughter-cells in D, and containing a nucleus and a Nebenkem. 

I, Four stages of the division of a flagellula ; in F the Nebenkern is 
dividing ; in G the two halves of the Nol)onkem have placed themselves on 
each side of the nucleus, which is pre[)aring for division ; II, stage of the 
nuclear spindle with the two halves of the Nebenkem at each pole ; in I the 
miclear division is nearly complete, and the body is beginning to divide. After 
Schaudinn (81), all iigures maguitied about 590 diameters. 

in the cells of the higher animals and plants, accessory cytoplasmic 
elements may be added to the* centriole to form a centrosomic 
complex, A point still undecided, on the theory that centrosomes 
are of achromatinic origin, is whether or no these bodies can be 
formed, in some cases, in the cytoplasm also, as maintained b}' 
some authorities. On Hertwig’s view, mentioned above, that the 
achromatinic substance of the nucleus is identical in nature with the 
ground-substance of the general protoplasm, it follows that material 
for the formation of the centrosome must be present in the cyto- 
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plasm no less than in the nucleus. BUtschli (8) considers it possibh^ 
that the centrosome might have been originally a cytoplasmic 
structure, which had nothing to do with the nuchms, but becaim^ 
included in it when a nuclear membrane was formed. 

Attention must bo drawn hero to tlio remarkable gtmus Panmu ha (Fifi;. 4!)) 
founded by Schaudinn for the s|Kicies P. eilhardi (s<h) p. 228). In Ibis form 
there is present beside tlio nucleus a body wliicli was tcwnual the “ Nc'bcm- 
kern,” consisting of a darkly-staining middle piece, at each imd of wincli 
is a (!ap of clear substance. The Nebenkorn has generally been considcnsl 
to represent a centrosome, and Ohatton (49) has put forward the suggestion 
that it may corn^spond to a karyosomo or a ix)rtion of a karyosomo that has 
passed out of the nucleus with the centrosome. Recently, however, Janicki 
(71‘5) has described two now sjwcies of Paramacha, and puts quite a different 
interpretation upon the Nebonkern. Ho regards the middle piece as chro- 
matin, the clear caps as arclioplasmic masses, each of whicli contains a 
centrosome ; and he consiilers tlui entire structure “ as a second nucleus, 
as it wore, fixed in division, in which the state of division lias Ixicome the 
jiermanent form.” Ho proposes to replace .Schaudinn’s term “ Nebonkern ” 
by the term “ nucleus secundus,” and considers it esjx'cially comparable to 
the “ sphere ” of Nodilura (Fig. 05). Division of the nucleus and Nebonkern 
takes place quite independently of one another. 

On the nuclcolo-ceutrosomic theory, the whole karyosomo with 
the contained centriole, as found in many Protozoa, is com])ared 
with the complex extranuclear centrosome of the higher organisms. 
It is clear, however, that the karyosome consists chiefly of plastin 
which is impregnated to a greater or less extent with chromatin, 
and in which the centriole is imbedded. As Ohatton (49) has 
pointed out, the three ('Icnumts which compose the karyosome are 
independent of each other. When the centriole and chromatin 
have left the karyosome, the plastin-mass nmiaining Ixdiind is 
homologous in every way with the nuchuilus of the nudazoan cell, 
and the only element common to both the karyosome of Protozoa 
and the centrosome of Metazoa is the ccmtriole. 

The nuclear theory of the centrosome is associated especially 
with the names of Schaudinn and, in more recent times, of Hart- 
mann and Prowazek (03). According to this view, the centrosome 
represents a second cell-nucleus, and every cell is to be regarded 
as primarily binucleate. The starting-point of the evolutionary 
series would be such a form as Amoibd binuclcdtci, which possesses 
two similar and equivalent nuclei. In the next stage of evolution 
one of the two nuclei became specialized more for kinetic, the other 
for trophic, functions ; examples of this stage would be furnished 
by Paramosba (Fig. 49), with its nucleus and “ Nebenkern,” and by 
a trypanosome, with its trophonucleus and kinetonucleas, the 
Nebenkern of the first and the kinetonucleus of the second repre- 
senting the kinetic nucleus. The central grain of the Heliozoa or 
the extranuclear centrosome of the Metazoa would represent the 
final stage of evolution, namely, a kinetic nucleus deprived of all 
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chromatin -elements ; while the cell-nucleus proper would represent 
tin; trophic nuchnis deprived of all kinetic elements. 

On the other hand, the condition in amcebae and similar or- 
ganisms, where the cell appears to contain but a single nucleus 
which includes the kinetic centres, is explained by supposing that 
here the kinetic nuch‘us is encapsuled in the trophic nucleus, and 
is r(‘|)res(‘nt(‘d by the karyosome with its centriole ; lu^ncc the 
supporters of this theory t(‘rm the type of nucleus characterized 
by a large karyosome an “ amphinucleus ” or “ amphikaryon,” 
and, in their descri])tions of such nuclei, they speak of the outer 
nucleus (p{‘rij)heral zone of chromatin) and the inner nucleus 
(karyosome). 

The reasons against homologizing the karyosome and the extra- 
nuclear centrosomc have been stated already. Against the theory 
of binuclearity it may be urged further — Eirst, that to regard the 
protokaryon-type of nucleus seen in the most primitive forms of 
Sarcodina and Plagellata as a secondary condition is a complete 
inversion of what is, to all appearance, the natural series of evolu- 
tion of the nuclear apparatus ; secondly, that the binucleate con- 
dition of trypanosomes and allied forms is clearly, by comparLson 
with other Flagellates, a specialized condition ; the trophonucleus 
of trypanosomes also contains a karyosome and centriole, and 
would therefore be an “ amphikaryon,” on tliis theory ; thirdly, 
that the binuclear theory still leaves the centriole as a kinetic 
centre of achromatinic origin, which is present in both trophonucleus 
and kinctonucleus of trypanosomes, in both nucleus and central 
grain of Heliozoa (Wagnerella), etc. All that the binuclear theory 
is capable of explaining is the secondary elements of the extra- 
nuclear centrosomic complex. That the centriole is a body of 
intranuclear origin and formation is shown clearly by its presence 
in nuclei of the primitive karyosomatic typo which arise, not by 
division of pre-existing nuclei, but by aggregation and organization 
of clumps of chromidia. It should be added that, in its most recent 
exposition by Hartmann (61), the theory of binuclearity has 
undergone considerable modification and restriction. 

Having considered now the structure and composition of the 
nucleus in its principal types and morphological variations, it 
remains to attempt to establish a more precise conception as to 
what exactly is meant by a nucleus. It is evident, in the first 
place, that the essential component of a nucleus, never absent, is 
chromatin ; but it is equally clear, in the second place, that a simple 
mass, or several such masses, of chromatin, do not by themselves 
constitute a nucleus in the true sense of the word. The word “ chro- 
matin ” connotes an essentially physiological and biological con- 
ception, as it were, of a substance, far from uniform in its chemical 
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nature, which has certain definite relations to tlu; lifo-liistory and 
vital activities of the cell. The word “ nucleus,” on the other hand, 
as many authoritias and more recently Dobell (52) have pointed 
out, is essentially a morphological conception, as of a body, eon- 
tained in the cell, which exhibits a structure and organization of 
a certain complexity, and in which the essential constituents, tin; 
chromatin-particles, are distributed, lodged, and maintained, in 
the midst of achromatinic elements which exhibit iin organized 
arrangement, variable in different speems, but more or less constant 
in the corresponding phases of the same species. If this standpoint 
be accepted, and the nucleus be regarded tis an essentially morpho- 
logical conception, it seems to me remarkable that Dobell, in 
his valuable memoir on the cytology of the l)acteria, should ai)[)ly 
the term “ nucleus ” to a single grain of chromatin, or to a collection 
of such grains, and should speak of a nucleus “ in the form of 
chromidia scattered through the cell,” or ” in the form of a disende 
system of granules (chromidia),” phrases which are self-contra- 
dictory on the principles that he himself has laid down. 

We are confronted, nevertheless, with a considerable dilliculty 
when we attempt to state exactly what amount of organization 
and structural complexity is essential to the morphological concep- 
tion of a nucleus. If, as is probable in phylogeny, and ccotainly 
occurs frequently in ontogeny (compare Fig. 32), tlu; nucleus arises 
from a primitive chromidial condition of scattonxl, unorganized 
chromatin, at what point does the mass cease to Ijc a chromidiinn 
and become a nucleus ? This is a que.stion very difficult to answer 
at present, a verbal and logical dilliculty such as occurs in all cas(!s 
where a distinction has to be drawn between two things which 
shade off, the one into the other, by infinite gradations, but which 
does not, nevertheless, render such distinctions invalid, any monj 
than the gradual transition from spring to summer does away with 
the distinction between the seasoiLS. Hartmann and his school 
consider the possession of a ccntriole as the criterion of a nucleus 
(«ee Nagler, 76) ; but it cannot be considered as established, in 
the present state of knowledge, that all nuclei have ccntriolcs or 
centrosoraes. All that can bo said is that, as soon as a mass or a 
number of particles of chromatin begin to concentrate and separate 
themselves from the surrounding protoplasm, with formation of 
distinct nuclear sap and appearance of achromatinic supporting 
elements, we have the beginning at least of that definite organiza- 
tion and structural complexity which is the criterion of a nucleus 
as distinguished from a cliromidial mass. 

In the first chapter of tins book a distinction was drawn between 
organisms of the “cellular” grade, with disthict nucleus and 
oytoplasm, and those of the “bacterial” grade, in which the 
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cliromatin docH not form a distiiiot nucleus. In all Protozoa there 
is a true mu^leus in at least tlui priucii)al stages of the life-history, 
and it is obvious that the recognition of a cellular grade, charac- 
terized by th(‘ possession of a true nucleus, postulates that the first 
origin atid evolution of the nucleus must be sought amongst those 
oi'ganisms which have been classed, speaking broadly, as the 
bactc'iial grade. We may expect, therefore, to find in organisms 
which stand on the plane of morphological diiferentiation which 
characteriz(!S the baettwia the early stages of the evolution of the 
nucleus frojii tlu^ primitive chromidial condition, and even cases 
in ^\'hich tlic cojidition of a true nucleus has been reached. The 
matter cannot be discussed further here, where it must sufiice to 
esta])lish the ('xisi('nc(‘ of true nuclei in Protozoa ; but Dobell (52) 
has describi'd an interesting series of conditions which may be 
regank'd as stages in the evolution of nuclei amongst bacterial 
organisms. 

Since the possession of a true nucleus has been regarded here 
as the crib'rion of the cellular grade of organization, it is necessary 
to discuss briefly the meaning and application of the term “ cell.” 
Py many, perhaps most modern writers, the cell has been regarded 
as the elementary vital unit, than which there exists nothing 
fcimpler amongstliving beings. In this sense the word “ cell ” becomes 
synonyniDUS with the term ” micro-organism,” ‘"protist,” or any other 
word used to denote living beings of the most primitive type : 
” lout ce qiii vit n'csl que cellules ” (Delage and Herouard, 6). The 
word “ cell ” was, howev(;r, applied oi'iginally to the elements that 
built up the tissues of animals and plants. At first, as the word 
cell im[)lies, it was used to denote only the enclosing membrane or 
Iramework ; but when it became apparent that the membrane was 
of secondary importance, it was transferred to the contained stuff, 
and so came to signify u structural element in which the living 
substance, })rotoplasm, is dilhu'cntiated into hvo distinct parts — 
nucleus and cyto])lasm. If the term “ cell ” is not to become so 
vague and indefinite in its significance as to be absolutely meaning- 
less, it is best to rc^strict its ap[)lication to living organisms which 
have reached this d(‘gree of differentiation. Dobell considers that 
all Protista are nucleated organisms ; in the j)recedmg jiaragraphs 
reasons have bc'cn advanced against accepting this proposition as 
a statement of fact, and from the point of view of phylogenetic 
speculation, 1, at least, find it difficult to believe that the earliest 
form of life could have been an organism in Avhich the living sub- 
stance ^^as differentiated ab initio into distinct nucleus and cyto- 
plasm. 

in my opinion the cell, as d<‘fined above — that is to say, an 
organism in which the living substance, protoplasm, has become 
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diltcrcntiated into two parts, a nudoiis, in tlie nior[)li()logi(ial scmiso, 
distinct from the cytopliism — docs not represent the jHiinary and 
universal form of the living organism or unit, hut is to he con- 
sidered as a stage in the evolutk)n of living heings, a stage which 
many living heings have not reaclu'd. Thus a hacterial type of 
organism, in which the chromatin is scattered through the proto- 
plasmic h(Kly in the form of chromidial granules, and which there- 
fore do('s not poss(‘ss a true nucleus, is not to be regard(‘d as a cell, 
hut as re[)r('senting a condition antecedent to the evolution of 
the true cellular ty[)e of structure. In all Protozoa, on the other 
hand, the entire plan of th(‘- organization is founded on the typii of 
the cell, which is to be regarded as the starting-[)oint in the evolu- 
tion of the (‘ntire animal and v(‘g(‘tahle kingdoms (company Min- 
chin, 75). This point will he discussed further in a suhsecpicnt 
chapter (p. 4()I). 

Jiihliotjraijhij . — For references see ]). 477. 



CHAPTER Vll 

THE REPRODUCTION OF THE PROTOZOA 

The inctlioda by which reproduction is effected amongst the 
Protozoa vary greatly in matters of detail, as will be seen ; but the 
obvious diversity in method throws into greater relief the under- 
lyhig unity in prmciple. In Protozoa, as in Protista generally, 
lejjroduction takes place always by means of some form of fission — 
that is to say, division or cleavage of the body into two or more 
parts, which arc set free as the daughter-individuals. An essential 
part of the process is the partition amongst the daughter-individuals 
of at least some part of the chromatin-substance possessed by the 
paient. lienee fission of the cell-body as a whole is always pre- 
ceded by division of the nucleus; and if chromidia are present, they 
also are divided amongst the products of the fission of the body. 
On the other hand, division of the nucleus is not necessarily 
followed at once by division of the body. 

Considering the methods by which fission is effected from a 
general standpoint, we may distinguish three chief typos of repro- 
duction, each of wliich may show subordinate variations : 

1. Oi vision of the nucleus, or, if there are two differentiated 
nuclei, division of each of them, is followed by division of the body ; 
tliis is the commonest and most typical mode of reproduction, 
known as smple or binary fission. 

2, Division of the nucleus or of each of two differentiated nuclei 

IS not followed immediately by corresponding divisions of the body, 
but may be repeated several times, and so give rise to a multi- 
nucleate condition of the body, which may be 

{a) Temporary, and soon followed by cleavage of the body into 
as many daughter-individuals as there are nuclei or pairs of dif- 
ferentiated nuclei ; tliis method is known as multiple fission (Fig. 
127 ) ; or it may be — ® 

(i) rermaiiont, giving rise to a inultiiiuoleate body which is termed 
a yloinmhum. Then division of tlio body may take place at any 
time by cleavage of the body into two or more multinucleate 
parts ; this process is known as plastnoluimj. Ultimately, however, 
m all cases a plasmodium breaks up by multiple fission into uni- 

lUO 
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nucleato individuals at tho ond of a loii^or or shorU*r vogotativo 
(‘xistonco during whicli it may Iiave multiplied frequently l)y 
plasmotomy. 

'riie ])r()C(‘ss of fission must now ho consid(‘red in more detail, 
Ix'ginninj^ with — 

1. DIri.sion of the Ah/r/r?/.'?. — As in tho caso of tho cell-hody as 
a \\hoh\ th(‘ division of tho nuehais is olT(‘etod in various ways. 
Probably tlie most ]^rimitiv(‘ typo is that in which tho nucleus 
becoiiH's ix'solved into ohromidia, from which, again, secondary 
daughtcr-nu(;lei an' n'constituted. This typo of division may bo 
b'rmed “ chromidial fragmentation.” It is of comparativ('ly rare 
occurn'ucc, but example's of it arc found among Sarcodina and 
Sporozoa. In Erhinojjyxis two daught(‘r-nuch‘i an^ formed in this 
way (He'itwig, bf), ]). H). fn otlu'r cases numerous daiighter-nuch'i 
may arise, as in tlu' formation of the nuclei of the’! microgauK^tos 
in (^occidiuvi (Fig. bO), wlw'n' tlu' ])arent nuch'us gives off into tho 
cyto|)lasm a fine' dust of chromidial ])articl(‘s which trave'l to tho 
sm'fae(^ of the cell and become concentrated at a number of spots 
to foi in the' daughter-niich'i. 

Tme nuch'ar division, in which tho parent and daughter-nuclei 
redain throughout the process their individuality and distinctne'ss 
from th(' cytoplasm, jnust be distinguislu'd clearly from tho above- 
mentioned ])roc(‘ss of chromidial fragmentation, fn tho vast 
majority of cases the nuch'us divides itito two halv(^s by sim>ple or 
binary fission, which, as already stated, may be roperated serveral 
times before cell-division takes place ; but in a few case's tho nucleus 
divides sinuiltatioously into a number of pe)rtions by multiple 
fission. 

In the colls of Metaze)a true iiuch'ar division alone occurs, and 
n ay follenv e)ne or tho other of two sharply-marked tyi^eis, terme^l 
com])rchensivcly dired and indirect. In direct division the nucleus 
is constricted simply into two parts, without circumstance or 
ceremony. In indire'Ct division, on tho either hand, the nucleus 
goes through a complicaterd series of changes, fe)llowing each other 
in a definite order and se'epionce*, the whole procejss being known as 
knryokinesis or mitosis. In spiU', however, of the intricate nature 
of karyokinctic division, and the variations in matb'rs of detail 
that it exhibits in different cases, the whole process is perfectly 
uniform in its general plan, and admits of being described without 
difficulty in generalized terms. Such a description is found in 
every textbook of biology at the present time, and need not be 
repeated here ; it will be sufficient to analyze briefly tho more 
important events that take phwjc. 

In tho process of karyokinesLs, the achromatinie elements of tho 
nucleus furnish the active mechanisms, while the chromatin-sub- 
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elements, assumes a characteristio bipolar form, like a spindhv 
At each pole of the s])in(ll(‘ a centrosome or eciitrioh' is to h(‘ found, 
as II g(‘neral rule, 'the two ceutrosonu's have arisen by division of 
tlu' originally single centrosome, and may remain for sonu' linu' 
connect'd by a fibril or by a system of fibrils, forming what is oft'ii 
t(‘rr>i(‘d a “ cent ral s])indh',” but is ])etter named a rrnfrodr^'^ni'h'ie. ddie 
axis of tlie achromatiuic spindle is formed by the centrodesmos('. if it 
])('rsists, and the remainder of the spindh' is constitutc'd ])y the so- 
calh'd “ manth'-filu’c's running from pole to i)nle. The manth'-fibres 
are derived from the acliromatinic reticulum of the nuch'us and tlu' 
archo])hism ; tlu'V are probably in most case's the oj)tical e\j)r('ssion 
of an arrangenu'nt of the protojdasmic alveoli in longitudinal rows, 
under the influence' of tc'iisions or force's ce'iitre'd at the pole's of the> 
spinelle. >Such an arrange'ine'iit ed the alv’^e'oli ])roeluc(\s the e)j)tical 
a[)])e'arance' of til)rils ce)nne*cte‘el by creess-junctions, the api)are'nt 
fibril be'ing forme-el by tlucke'ne*el walls e)f al\a‘e)li in liiiet with e)ne 
ane)th('r, while the cre)ss-junctie)ns are* the transverse' walls bedwe'e'ii 
(•etnse'cutive alve'e)li. On this vie-w' the' a])pare>nt fil)rils e)f the achre)- 
matinie spinelh' are iti re'ality me-re-ly the' inelieiatie)n e)f line's of fe)re!e 
in the pre>te)i)Iasmic frame'W’eu’k ; but se)nie‘ authe)ritie‘s ceuisieler that 
in certaiii case-s at le-ast true', fibrils are fe>rme*el, whiedi may ])e^ 
ise>late'el fre)m e-ach e)the'r anel wdtheuit cre)ss-ce)nnectieu\s (He-rtwig, 
()4). 'Pile spinelle-fibre's, whe‘the*r re-al e)r a])pare‘nt, are*, ce-ntresl at 
the' pe)le's ed tile spinelh' em the^ centre)se)me's, freim which othe'r 
striatieins may raeliate eait in all elire'ctieins threnigh the^ archo- 
plasmic masse-s (“ attraejtiem-sphe're's and ejxte'iiel into the; sur- 
reuineling cyte)phism. 

While the achromatinie* spindh'-fi/rure is in pre)ce;ss of feirmation, 
the; chreematin eif the nucleus has geine threuigh a se'rie's e)f change's 
which may diffe-r in eliffe'rent case;s, but which re'siilt in the; feirma- 
tieui e)f a numbe'r e)f masses eif chremiatin te;rme‘d chromosome The; 
numbe'r, size, and shape, of the chrome)somos vary greatly in dif- 
ferent species, but in Me;taze)a the;sc characters are generally ce)n- 
stant for the corresponding phases of the same specie's. Each 
chrome)some, when fe)rmed, cemsists of a great numbe;r of minute 
grains of chromatin, chromidiosomes, cemented together in a matrix 
or ground-substance of plastin. The; chrome)somes arrange the;m- 
selves at the equator of the achromatinie; spindle in the fe)rm of a 
plate, hence termed the eqiuUorial fUUe. The nucleolus disappears, 
being absorbe;d or cast out, and de)e;8 not contribute to the karyo- 
kinetic figure, but a part at least of its substance probably furnishes 
the plastin grenind-substance of the chrome)somes. 

At this phase, when the achromatinie spindle is fully formed, with 
the plate of chromosomes at its equator, the actual partition of the 
chromatin between the two future daughter-nuclei usually begias, 
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though in some cases it is accomplished at an earlier stage ; it takes 
place in one of two ways, known respectively as equating and re- 
ducing division. In equating division each chromosome d ivides into 
two daughter-chromosomes, a process which, in the finished and 
perfect karyokinesis of the higher organisms, is effected by a longi- 
tudinal splitting of the chromosome, and which may be interpreted 
as a simple division into two of each of the component chromidio- 
sonies (compare Fig. fiO). In reducing division, on the other hand, 
the individual chromosomes do not divide, but are sorted out, half 
of them going to one pole of the spindle, and eventually to one 
daughter-nucleus, the otluw half to the other ; with the result, 
finally, that each daughter-nucleus has half the number of chromo- 
somes possessed originally by the parent nucleus. Equating 
division is the usual type of karyokinesis seen in ordinary cell- 
multiplication ; reducing division, on the other hand, is seen only 
in certain phases of the maturation of the germ-cells, as explained 
in the next chapter. 

In either type of division, whether equating or reducing, the 
equatorial plate of chromosomes as a whole divides into two 
daugliter-plates, which separate from one another and travel towards 
th(‘, poles of the achromatinic spindle. As the daughter-plates move 
away from each other, an achromatinic framework appears between 
them, in which a longitudinal striation or fibrillation is seen in line 
with, and continuing that of, the achromatinic spindle. Hence the 
achromatinic spindle as a whole consists now of the older terminal 
portions passing from the poles to the daughter-plates, and a new 
median portion passing between the two daughter-plates ; the two 
terminal portions constitute together what may be termed conveni- 
ently the “ attraction-spindle,” the median portion the “separation- 
spindle.” As the daughter-plates travel further apart, the separa- 
tion-spindle elongates more and more'; the attraction-spindle, on 
the other hand, becomes shorter, usually to such a degree that the 
daughter-plates are brought close up to the poles of the attraction- 
s])indle, which consequently is obliterated and disappears. When 
full separation of the daughter-plates is attained, the separation- 
spindle breaks down and disappears gradually, the middle part 
alone persisting in some cases ; the chromatin of the daughter-plates 
becomes rearranged to form the daughter-nuclei, going through a 
series of changes similar to those by which the chromosomes arose 
from the parent-nucleus, but in inverse order. A nuclear mem- 
brane is formed round each daughter-nucleus, and the process is 
complete. 

In the Metazoa, direct and karyokinetic division stand out as the 
sole types of nuclear division, in sharp contrast and without inter- 
mediate or transitional forms of the prooCvSs. In Protozoa, on the 
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contrary, every possible form of nuclear division is found, from the 
most sim]>]e and direct to karyokinesis as perb'ct as that scmmi in 
t}](‘ Metazoa. 'I'lie nuel(‘ar division-processes of Protozoa an* tlu'n*- 
fore e.xceedingly int(*resting as furnishing object-h'ssons in 
gradual (‘volution of tlie m(‘ehanism of micl(*ar division ; hut th<* 
extn'ine div(*rsity in th(‘se ])r(K‘(*ss(*s mak(*s it v^ery diflioult to d(‘al 
w itli them in tlie IVotozoa in a g(*nera] and eom])re})(*nsive manner 
in a short sj)aee and w ithout exet'ssivet d(‘tail. Spt'aking g(*nera]ly, 
th(* indin'ct nuclear division s(‘en in Protozem ditfers from that of 
the higher organisms in a number of points which indicate that it 
stands on a low(‘r grade (»f evolution. As ivgards the aehrornatinic 
elements, the nuclear nu'mbrane is usually p(*rsist(*nt througlioiit 
the proc(*ss of division, a circumstance which enables a sharp dis- 
tinction to be drawn b('tw(‘(*n the portions of thedivision-nu'chanism 
d(*riv(‘d from tlie nuch'ar framinv'ork and th<^ cytoplasm resp('ctiv(‘ly. 
In many cas(‘s it is then s(“(*n that the (jytoplasm do('S not tak(^ any 
share in the pnaiess at all, but that the nucleus divides in a p(*r- 
b'ctly autonomous manner, spindle and centrioh's rf!naining intra- 
nuclear througlnnit the whoh* process. As n'gards/ tlu^ chromatin, 
th(* chromosouK's wIk'ii f<u-m(‘d an^ often irr(*gulj/; in form, siz(‘, 
and number; they often app(*ar imp{‘rf(*ctly s(‘/arat-ed from one 
another ; tlu'y arc* not always arrang(*d in a defini^x* ecpiatorial plate, 
but may b(* scatt(*r(*d irrc’gularly along the spjidlo ; and th(‘y do 
not always split in the (*xact manner charackristic of the nuclear 
divisions of the higher organisms, but divider irregularly and oft(‘n 
transversely. 

The jirincijial types of nuclear division in Protozoa will now be 
d(*scribed w ith the aid of a few selected examples. We may b(*gin 
with those in which the division of the nucleus is autonomous, 
without co-operation of cytoplasmic elements. 

Division has often been asscrU^d to be direct in easels in wliich 
subsequent research has reveah^d a more elaborate typo ; never- 
theless, many typical cases of amitosis occur among Protozoa. In 
some nuclei of the vesicular type, the chromatin appears to Ix^ 
concentrated entirely in the karyosome, which may contain a 
centriob* also, and w hen the nucleus divides the karyosom(5 b{*conH‘S 
dumb-bell-shajied, and is finally constricted into two halv(*s, the 
entire nucl(*us follow ing suit ; as an example of this, almost the 
simplest conc(*ivable typo of nuclear division, may be citcnl the 
nuclei of the Microsporidia and allied organisms (Fig. 173 , p. 416 ). 

A type similar in the main to that just described, but slightly 
more advanced in structural complication, is exc^mplified by the 
division of the nucleus in the schizogony of Cocci(lium(¥igJy\,F — 3 /); 
here there is a peripheral zone of chromatin and a more distinct 
nuclear membrane. AftiT division of the karyosome, tlic peripheral 



IOC 


thk trotozoa 


ormo,rbut tl '*<' definite chromosomes are 

as . ’ f Veni.l.eral chromatin form clumps and 

->.^s,scs of various si, apes an.l sizes. A definite achromatinie spi.uHe 



of olnmnatia l,„t „o i'a.vl,„r n C ) nTZ^,';' v' 
hMwr Kmin« of chronuitin collect tf;K(4h(; arthe tlnf ^ 

/*;. NucleuHof oilier Hclii/onf w f r ' the kuryo- 

nf full-grown schizoiit. d—M Division of Nucleus 
lio chromatin of the nucleus liccornes i schizont ; 

haryoHome becomes (lumb-bcll-shamsl ^vif lf’ ^ dumps and the 

Pdc (f/and //); the two ilaultTu^^^^^ '‘"'T". ''‘‘'‘^niatin at each 

nu'ut or c(nitrodesmose, tn veUiiarl tibinll' n ^onn<«cted by a lila- 

then (/); the ecfltroiiysmoC l>;Jr D of chromatin 

two daughter-nuclei travel apart 'T^ ‘t|HHppoars, and the 

on the lilament betwei'n them . (itjaii, ii niti'miediate body 

■lowu a,„l tia. <la„gh„.r.„„„l, i ','"'.,™"noon„g lila,,„,„t bivaks 

karyosome.s ; i., intermi'diate bodv Aft « i ’ 1 k~, daughter- 

nnuuatcoody. After Schaudmn (IM)). „,agnilied 2,250. 



Fig. 52. 


'■•■■sliag „„cl,.U8; 11 ft n“a .vhtthrgi. 

InrpamtorytoJiv i... "■/'Tff"' 'T*'"'', math,. 

Wl-»l,a,a.<l ; II, tha n’udmm ha! 

iSchaud i till (05)), inagni tied 2,250 <bvided into two halves. 


A, The 
granules 
‘3 dunib- 
After 





THE REPRODUCTION OF THE PROTOZOA* 


107 


division is a very common one in the nuclei of Protozoa, and may 
show a fiirtlier advance towards a true mitosis in that tlu* juTi- 
pheral chromatin may shape itself into mon* or h'ss di'linite 
chromosomes, as in Eu/jkna. 

Exarnph's of granular nuclei which divide in tlu' din'ct nudhod 
are sc(‘n in the division of the nucleus of the oiicyst of 


Coccidium (Fig. 52) to form the nuchn 
of the sporohlasts (sec p. 1149, infnt) and 
in the corresponding divisions of the nuclei 
of h.'emogregarines (Fig. 59). In these 
two cases the ]ucscnc(‘ of a cimtrioh* in 
th(‘ nuch‘us is doubtful, hut is alhrim'd 
hy Hartmann and ('hagas (89) for hicmo- 
gr(‘garin(‘S ; a triu' nuclear imunhrane, 
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liowevcr, appears to be absent, and this 
form of division is not much advanced 
beyond tlu* condition of chromidial frag- 
mentation. In the macronucleiis of 
Infusoria (Fig. 54), in which a distinct 
membranes is present, the division is also 
direct, and ccntriolcs are stak'd to be 
absent as a general rule ; in some cases, 
however, true centriokis appear to be 
present (Niigler). When ccntriolcs are 
absent, the achromatinic framework of 
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the nucleus aftpears to be principally active in the division. In 
some cases the division of the macronucleus of Infusoria is 


not into two equal halve,s, ljut may take the form of budding 
off a smaller daughter-nucleus from the main mass. Remark- 
able iiLstances of nuclear budding of this kind are seen in the 
Acinetaria, where it is related to the formation of buds by the parent 
individual. In some cases (Fig. 55), the nucleus may form a con- 
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siderable number of buds simultaneously, each of which becomes 
the nucleus of a daugliter-individual budded off from the parent. 

The simplest tv])es of mitosis show but litth; advance on the 
processes of direct division that have just been descri])ed. Taking 
first the v(‘sieulai‘ type of nucleus with a large karyosome (“ proto- 
karyon ”), the lirsi stage in the ])rocess is the division of the karyo- 
some, as in Core I (Hum ; its centriole divides first, then tin' karyo- 
some becomes coiistrnd-ed and divides, the two halves often plainly 
eoniK'cb'd l)y the c(‘iitrodesmose formed by the division of the cen- 
trioh's. N(“.\t an achromatinie spindle is formed between the two 
daughter-kaiyosomes, and chromosomes make their appc'arance, 

derived partly (pt'rhaps 
in some cases entirely) 
from the peripheral zone 
of chromatin, partly from 
the chromatin contairied 
ill the karyosome. A 
good (example of this 
mode of division has 
been d(*scribed by Aragao 
(87) in an annebanann'd 
by him A. (Hplomilotica 
from the fact that two 
types of mitosis occur in 
this species. In the first 
type (Fig. 56, A — G), the 
little rod -like chromo- 
somes are not arranged 
in a definite equatorial 
plate, but are scattered 
irregularly along the 
spindle ; some travel to- 
wards one pole, some 
towards the other, and, after separation into two groups in this 
manner, the chromosomes of each group fuse together to form an 
apparently solid mass of chromatin, representing the daughter- 
plates ; tlu'so masses of chromatin follow each their respective 
karyosomes as they travt'l apart, and when the nucleus is finally 
constricted into two daughter-nuclei, the chromatin-masses break 
up again into their constituent chromosomes, which become dis- 
tributed in the peripheral zone and karyosome of the daughter- 
nuclei, where they can be distinguished plainly even during the 
resting state (Fig. 56, A). 

In the si'cond type of mitosis seen in A. diplomitotica (Fig. 56, 
11 — K), the chromosomes arrange themselves in a definite equatorial 



Fio. 55. — Ikukliiig in Podophrya genmijHira. The 
niafirouuclous of the paronl ha.s sent off a number 
of outgrowths, which extend into the buds and 
giv<i ris(^ to the nuclei of the daughter-individuals 
about to be budded off. Nh Parent-nucleus ; 
N“, nuclei of buda. After Hertwig. 
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plate, which divides into two equally detinite daughter-})lak'.s com- 
posed of distinct chromosomes ; whether this division is hroij^ht 
about by splitting of the individual chromosomes is jiot ch'ar. 
When the nucleus is linally constricted into tlie two daughter- 
nuclei, the chromosomes are at lirst aggregated close beside tlu‘ir 
respective karyosomes, but soon distribute themsi-lvtis in tlui 
manner already descri])ed. 

The simple types of mitosis described in the two foregoing ])ara- 
graphs arc examples of the so-called promitosis ” (Niigler, t)5) 



E 




Fig. /i(i. — The twu methods of nuclear division in AinaJjd di/domilrAica. A, UcstinL' 
nucleus; B — G, lii>>t nietliod ; II — K, wcoinl method. Jn F and G only 
otic of the two halves of the nuclear figure is drawn. After Aragao (87). 




seen commoidy in nuclei of the protokaryon-tyjK*. The nuclear 
membrane in this type is a negligible quantity ; it may be scarcely 
or not at all developed in the resting nucleus, and when a distinct 
membrane is present it may vanish entirely during the mitosis, as 
in the form just descrila^d. In any case, however, the entire mitosis 
gcx?s on within the nuclear space. The clmomosomes may show 
every possible condition in different cases, from complete irregu- 
larity in form, number, arrangement, and mode of division, to the 
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formation of a dofinito equatorial plate which splits into two 
daughter-plat(^s. The most striking and salient feature of this type 
of mitosis is furnished by the relatively huge “ polar masses,” con- 
sisting of the daughter-karyosomes with their contained centrioles. 
In tlic division of the nucleus of Arcella (Fig. 57), however, the 
karyosome first breaks up into fine grains of chromatin, from which 
the polar masses and the equatorial plate are formed. The karyo- 
some, as has been pointed out in the previous chapter, consists of 
three distinct elements — namely, phistin, chromatin, and centriole 



I frotn (ii.sruptioii of the karyo.sotnc ; // — J), formation of an 

I e(|uat(Hial plate of minute ehromosomes (?) which split; 

K, anaphase; F, the two daughter-nuchu shortly after 
] division. After Swarezewsky ( 101 ), magnilied 2 , 250 " 

I 

'i — each independent of, and separable from, the 

j others. In proportion as tin; karyosome loses its 

I plastin and chromatin ehunents, and becomes reduced 

J, to the centriole alone, so the primitive promitosis 

will approach more and more to the type of an 
ordinary mitosis. Such a reduction of the karyo- 
some could take place during the mitosis if, as 
^ happens frecpieiitly, the whole of the chromatin 
F contained in the karyosome passed out to join the 

peripheral chromatin in forming the chromosomes, 
the plastin-substance at the same time furnishing the required 
ground -substance of the chromosomes (Fig. 58). On the other 
hand, the karyosome may disappear from the resting nucleus 
also ; Chattoii (49) has brought together a number of instances 
of nuclei showing a gradual reduction of the karyosome in 
different species, and the evolution of a granular type of nucleus 
in which the chromatin is scattered through the achromatiirc 
framework, leaving the centriole free or but slightly encumbered 
by other elements in the nuclear cavity. When a nucleus of this 
type divides by mitosis, a most typical and perfect karyokinetic 
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figure may be produced, as in Eiujlypha (Figs. 51), (>()), only 
from that of Metazoa in that the whole mitosis tak(‘s j)hic(‘ within 
tlie nuclear membrane, and consequently without any co-operat ion 
of cytoplasmic elements. Chatton proposes for a mitosis of this 
typii the term “ mesomitosis,” as distinguished from tlu^ more ad- 
vanced type, or “ metamitosis,” in which a collaboration of cyto- 
plasmic and nuclear elements is elTccted, and the entire karyokiiietic 





I< K;. ;»8.— Di v ision of Ha.matoroccu.s }»lnvi(dis. A . 

CMmdition, the iiiK-leus with u consjiicuouH kjoyosonu; 
HiJ(i (im* i^rain.sof chronialiu in an uchroinal iiec n (i- 
euluin ; Ji, (J, propamtions for nuch-ar <Iivi.sion, (Jio 
chromatin i>as.sin^ from Ihc karyosomc int(» Iho 
nudcar reticulum ; J), further flu- kaiy(,,some 

m (lisruf>tioii ami chromosomes heginnin^f to he 
formed ; A, nuclear sjiindlc ; F, division of th<; 
nucleus coinj^IcU*. the karyosomes reconstituted in 
the daughter-nuclei, the cell- body beginning to 
divide; (J, division of the cell, the daugTner-nuf;lci 
of tjic normal resting type. After lieichenow 
( J7*o). 


gure lies free in the cytoplasm after disappearance of the nuclear 
membrane, fk-fore passing on, however, to this more advanced 
.> pe, account must be taken of the more simple types of mitosis 
seen in granular nuclei. 

Instructive examphw of the division of nuclei, in which the 
chroinatin is not concentraU^d into a karyosome, but distributed 
evenly throughout the achromatinic framework, are seen in the nuclei 
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h Id. 51).— Di vision of Kiujhjpha (UvcolaUi, 1 ‘"r fej .\* / /i; y< ‘.' 0 •' 

»ia seen in tho living ttiiinial. - •’ *' / / 

plate (».,,.) ; ( 2 ) tho m Xr!„ • "* “''‘’ll- uV -.^^-'.%0 

ss:u:\ru‘:ri^;?f“ 

'TSs; 

plasm IS streaming out of the slu^-ll nu»I,n^ V*®? "h 

nuliVKlual. into wliidi the reserve shell daughter- 

«'lves at its surface to form. a daugh^ '-Sm " T arranging them- 

heginmng to be formed. S w*! slull. In the nucleus chmmosoines are 

its shell ait) fwrSmr^a'dvlnm^^^^^ tbe daughter and 

J^quiUorial plate is forming, and the Parent the 

tlu) two llattenetl sides of the nucleus tthe een^^^ becoming visible on 

the division of the karyosome. no longer P«>bably derived from 

irom a centriole eonUined in the kaiy^sim^f - 
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«Ki{. 0 ((«tol at tho lUKlca of llio n-ticul "in /] ’ fi or 

l)oi!inning to allow a (il,m„a ,traoturo as a^ofilt’ of tin, lar "i"" 

:*rT""S'' oj ”4 ir^" t’"""'"'"* 

U-»ha|Ksl olim.n,44;Vs!' After •'mai''T"'|- 'T'"! 't" 

0. ami A aliout 1,200 diameU.rs. ' ' ’ niagnilioatioa of A. II. 


Of cihatc InfuHoria, sucli .as Paramecium. Tho niivcronuclcus divitlos 

prh iuto"i ’ 7 "‘f exhibits a 

primitive ty^ of imtosis (Fig, 01). wiion division begins, tho 

Fit), 59- — continued ; ' 

the centrosomca at th« T has assumed itn definitive orientation with 

•“ 

« splitting to fo™*theVwrdafe!^lX" 

plet;,tnXne ™auvh"t^^1^„0l^f n *" J^“ ‘>*0 ”“«•»•« eom- 

Wyp^. '^ghtcr-nucleus has passed over into the body of the daughter- 
beg4n1n^)“‘ !“**■■ ® '25 minutes from the 
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amount of chromatin increases, and the nucleus becomes oval in 
form. The chromatin forms a number of chromosomes shaped like 
elongated rods or short threads, which arrange themselves at the 
equator. At the same time the achromatinic framework shows a 
longitudinal hl)rillation or striation, the apparent fibrilhe being 
ceutn^l in thiek<‘nings of the achromatinic franunvork which appear 
at the two ])oles of the nucleus within the ])ersist(‘nt nuclear mem- 
bra!ie, lienee terme l the “ polar ])lates.” Ceiitrosomic grains are 
stated to be entirely absent, and their functions are performed by 
th(‘ polar ])lates. Tlie nucleus continues to elongate, and the 
chromosomes divide transv(‘rs(‘ly to tlu^ir long axis to form the 
(laughter-plates, which travel apart ; as they do so the fibrillated 



Fid. 01.— Stagc'9 ill the division of tho micron uclcus of Para- \ 
inccinvi. A, Ji, Early stagi'.s ; 0, spindh^-.stage with e(iua- | 
torial plate of chronmsomcH ; 1), spindle with the two / 
daughter-plates; E — II, growth of tho .Mcparation-.sj)indIe / 
and separat ion of the two daughter-plates ; I, reconstitu- k . 
tion of the daughter-nuch'i, which are widely aopamted, 
hut still connected hy the greatly elongated separation- ^ 
spindle, the central part of which shows a dilatation prior to its final 
al).Horption. After Hertwig. Figs A— E are dmwn on a larger scale than 
the other figures. 


sojiarjition-spindlc appears between them. The nucleus as a whole 
now becomes dumb-bell-shap(Hl ; the daughter-platcfs are lodged in 
the terminal swellings, M'liilc the rapidly-growing separation-spindle 
occupies the handle of the dumb-bell. The daughU^r-platcs now 
break up and reconstitute the daughter-nuclei, but the connecting 
portion continues to elongate and to push the daughter-nuclei apart. 
It is clear that the separation is effected by intrinsic growth of the 
achromatinic framework constituting the separation-spindle, which 
is ofk'ii curved up into a horseshoe-figure, and shows bending or 
twisting of its fibrils, as the residt of the inert resistance of the sur- 
rounding cytoplasm. Finally, however, a limit of growth is attained ; 
the daughter-nuclei become constricted off completely from the 
ccmnecting bond, which is absorbed and disappears. The nuclear 
membrane persists throughout the division. 

In all the forms of nuclear division dealt with so far, nuclear 
elements alone have been active in the process. A most instructive 
series, showing how extranuclear elements come to collaborate in 
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nicehanisni of division, is furnished by scnne oxuinples of tho 
Hi liozua, and especially by the nuelear divisions of Actino.sphmriuiih 
Which have been the subject of extraordinarily thorough investi.ra. 

ion )v fertwig (()4). In this form there are three dilferent inodes 

Of kmyokinesis, ^hich, liow(‘ver, for present purposi^s may bo 
Class, l.cil umh.r two heads : karyokinesis without and with eentro- 
Soincs. In thi‘ onlinary nuclear division during the vegetative life 
Of M,<‘ organism, and also m th(‘ divisions by which the iirimary 



vngcutivo „,.oi..ar 

towanls tho jwlar iSaL • /• which have travoilod 

ar'r centro«omc,s arc 

cyst. “«tion - nuclei thrown off from each secondary 

equatorial .ilctrno^p/iasrjMOT (Fig 02) an 

ro ■ kT -"-P--* of large numL rf siaH 

framework of fti i ^ ^roni the achrornatinic 

'■"ork of the nucleus, and terminates in two eoaspicuous pSr 




llO. 03. Aciinosfh(Brium eichhorni: first reduction-division, with controsomes 
(the stages hero shown follow those of the centrosomo-formation in Fig. 37). 
A, Centrosome with radiations in a mass of archo plasm at one pole of the 
nucleus ; B, two centrosomes and archoplasmio cones, taking up positions 
on opposite sides of the nucleus, in which chromosomes are beginning to appear ; 
0, D, fonnation of the nuclear spindle and equatorial plate of chromosomes ; 
E, division of the equatorial plate ; F, division of the nucleus beginning ; 
0, H , division of the nucleus and reconstitution of the daughter-nuclei ; one 
daughter-nucleus will degenerate and bo rejected as a reduction-nucleus ; 
the beginning of this is seen in //, where the upper darker daughter- nucleus 
is the one which degenerates. After Hertwig (64). 
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plates lying within the persistent membrane. External to the 
membrane are two large conical masses of archoplasm, termed the 
“ polar cones.” As in the microniiclcus of Paramecium, the polar 
plates represent functionally the centrosomes, towards which the 
daughter-plates travel, and division of the nucleus is effected by 
growth of the separation-spindle. The archoplasmic polar cones 
appear to take little or no part in the mechanics of the division, 
since their apices maintain their distance from one another, and 
the growth of the separation-spindle pushes the daughter-nuclei 
into their substance. 

The reduction-karyokinesis is heralded by the formation of a 
centrosome from the nucleus (Fig. 37 ; see p. 80, supra). The 
centrosomes are at first close to the nucleus, external to its mem- 
brane, but when the karyokinetic spindle is formed the centro- 
somes travel to the apices of the cones. From the centrosomes 
radiations extend through the polar cones, continuing the direction 
of the longitudinal striations of the intranuclear spindle, though 
separated from them by the inU^rvening nuclear membrane. During 
the division the apices of the cones move apart to a slight extent, 
but the separation of the daughter-nuclei is still mainly the work 
of the separation-spindle, which pushes them into the polar cones 
and brings them close to the two centrosomes again ; hence the 
activity of the polar archoplasm can bo but slight. The chromo- 
somes in the reduction-divisions are more distinctly separated from 
each other as the result, apparently, of a reduction in the amount of 
the plastin forming the ground-substance. The nuclear membrane 
persists throughout the whole process. 

In Actinophrys the karyokinesis appears to be of a type similar 
to that of Aciinospheerium, with persistent membrane, but with 
more activity in the extranuclear archoplasmic elements. In 
Acanthocystis (Fig. 64), however, the nuclear membrane disappears 
completely from the karyokinetic figure, and it is no longer possible, 
in consequence, to distinguish the parts of the achromatinic spindle 
which are of intranuclear and extranuclear origin respectively. 
Nuclear and cytoplasmic elements are in complete co-operation, a 
condition of things which has apparently been brought about and 
rendered possible by the extrusion of the centrosome from the nucleus 
in the first instance. 

From the foregoing examples, it is seen that amongst the Protozoa 
the material is to be found for illustrating the gradual evolution of 
1 he mechanism of karyokinetic division, from the starting-point of 
simple and direct division up to the most advanced type in which 
a perfect karyokinetic figure is formed by co-operation of nuclear 
and cytoplasmic substance. It is not necessary to suppose, how- 
ever, that the course of evolution has always been in the direction 
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of tliat type of mitoHis found in the cells of Metazoa ; it would be 
more reasonable to expect that in some cases at least other distinct 
types of division-mechanisms would have Ix^en evolved side- 
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branches, as it were, of the stem which culminates in the Metazoan 
type. An example of this is seen in the peculiar karyokinesis of 
Nodiluca (Fig. 65), in which the division is directed by a large 
“ sphere,” consisting of a mass of archoplasm containing the cen- 
trioles. The sphere divides and forms the axis of the karyokinetic 
figure, of which the nuclear portion is placed asymmetrically to one 
side. 

In considering this remarkable process of evolution, consisting in 
the gradual elaboration of a highly complicated mechanism for 
division of the nucleus, the (picstion naturally arises, What is the 
object of a process so elaborate ? Or, if this method of posing the 
problem offends as being too teleological, we may alter the phrase- 
ology, and inquire. What is the result of the process ? The answer 
is perfectly obvious. The result effected by equating karyokinesis 



Fia. G5. — Stages in the nucloir division of Nodiluca miliaris. A, Early stage, 
the “sphere” {sph.) beginning to divide, the nucleus wrapping round it; 
JJ, later stage, the sphere nearly divided, the two i)ole.s of the nuclear spindle 
in section attached to the two daughter-spheres ; C, section across li; the 
sphere contains a centriolo (c.), to which the chi’oniosomes {chr.} are attached 
by achromatic fibrils. AfU^r Calkins (48). 

in its most perfected forms is an exact halving, both quantitative 
and qualitative, of the chromatin-substance of the nucleus — quanti- 
tative, by division of each chromatin-granule or chromidiosomc, 
and the partition of the division-products equally between the two 
daughter-cells ; qualitative also, if we suppose that different chro- 
midiosomes may have different properties, and exert their own 
peculiar influence on the life and activities of the cell ; then, since 
each daughter-cell contains finally thesLster-chromidiosorncs of those 
contained in the sLster-cell, the qualities of its chromatin are the 
exact counterpart of those of the sister-cell and also of the original 
parent-cell. Hence karyokinesis may bo regarded as insuring the 
transmission to the daughter-cells of the distinctive properties of 
the parent-cell, unimpaired and unaltered. The whole process indi- 
cates clearly the immense importance of the chromatin-substance 
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in the life of the cell. It is probable, also, that the elaboration of 
the process of karyokinetic division in Protista was an indispensable 
antecedent to the evolution of multicellular organisms, since for 
the formation of a tissue it is necessary that all the cells which 
build it up should be perfectly similar in their constitution and 
properties, and this condition could only be brought about, prob- 
ably, by karyokinetic division of the nuclei in the process of cell- 





Fig. G().— Four stages of direct multiple fission in 
the nuclei of Trachelocerca phcenicoptcrus. AfUn* 
Lebedew (93). 


multiplication. 

In the foregoing paragraphs we have dealt only with simple 
(binary) nuclear division, but, as already stated, in some cases the 
nucleus divides by multiple fission into a number of daughter- 
nuclei simultaneously. A simple instance of direct multiple division 
of a nucleus, in wliich, apparently, no centrioles are present, has 
been described by Led^edew (1)3) in the nuclei of Trachelocerca 
(Fig. C6 ; sec also p. 448). In this form partitions are formed 
within the nucleus between the grains and masses of chromatin, 
and finally the nucleus becomes segmented into a mulberry-like mass 

of daughter - nuclei, 
which separate from 
one another. 

In most cases, prob- 
ably, of multiple 
fission the nucleus 
contains a ccntriole, 
and the multiple fission 
is brought about in a 
manner analogous to 
the formation of a plasmodium by multiplication of the nucleus 
in a cell which remains undivided — that is to say, the centriolo 
multiplies by fission a number of times without the nucleus as 
a whole becoming divided. Thus, in a nucleus of the simple 
protokaryon type, containing at first a single karyosome and cen- 
triolc, division of these structures may take place within the mem- 
brane without the nucleus as a whole dividing, so that the nucleus 
contains finally two or more karyosomes, each containing a cen- 
triole. The karyosomes are ultimately set free from the nucleus, 
either by being budded off singly from it, or by the nucleus as a 
whole breaking up ; then each karyosome becomes the foundation 
of a new nucleus. Division of this type, which may be termed a 
multiple promitosis, has been described by Zuelzer (86) in Wag- 
nerella. In cases where the division of the nucleus is of the karyo- 
kinetic type, repeated divisions of the centriole result in the forma- 
tion of a complicated multipolar mitotic figure, leading to a multiple 
division of the nucleus, as seen in the divisions of the nuclei in the 
male sporont of Aggregala (Fig. 67), as described by Morofi (94). 
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The presence of more than one centriole in a nucleus has led 
Hartmann (60) to formulate the theory that such nuclei arc to be 
regarded as “ polyenergid ” nuclei.* Hartmann proposes to dis- 
tinguish a nucleus with a single centriole as a “ monokaryon ” from 
a polyenergid nucleus or “ polykaryon ” containing many cen- 
trioles ; he interprets many cases, in which a nucleus appears to 
become resolved into chromidia from which secondary nuclei arc 
formed, as being really a setting free of monokarya from a complex 
polykaryon — an interpretation which certainly gets over the difii> 
culty of the formation 
of centrioles in second- 
ary nuclei (see further, 
p. 255, infra). 

In conclusion, men- 
tion must be made of 
the theory of cell -divi- 
sion and of the causes 
which bring it about, 
put forward by Hertwig 
(91, 92). This theory 
is based on the sup- 
position, of which men- 
tion was made in the 
previous chapter (p. 70, 
supra) — that for the 



normal performance of Fio. 07. — Multiple nuclear division in the male 
vital functions a ccr- "twi-ont of Aggregata jnrgnmdi. The nodeiis of 
. . which the outline has become irregular but is still 

tain C][uantltative re- visible, is surrounded by eight centrioles, from 
lation mimt be main- of which striations pass towards and into 

nudons. After Morolf (94), magnified 750 
tamed between the linear. 

nuclear substance and 


the cytoplasm. As a standard for the proportion of nuclear 
mass and cytoplasm (“ Kernplasma-Norm ”), the individual im- 
mediately after fission may be taken. Exact measurements made 
on Infusoria show that, while the body grows continuously in size 
from one division to the next, the nucleus at first diminishes slightly 


* The conception of “ energids ” is duo to Sachs, who coined the term to denote 
“ a single cell-nucleus with the protoplasm governed by it, so that a nucleus and 
the protoplasm surrounding it are to be conceived of as a whole, and this whole 
is an organic unity, both in the morphological and the physiological sense.” 
Hertwig (60) has criticized this conception, and has shown its untenability in the 
case of Protozoa, which behave as single individuals whether they possess one 
nucleus or many. Hartmann, considering the centriole as the criterion of in- 
dividuality rather than the nucleus, has revived the energid theory in the manner 
described above. It leads him to regard an ordinary Metazoan karyokinesis as 
the division of a polykaryon, in which each separate chiomosome represents a 
distinct nuclear element or monokaryon — a conclusion which appears to lead rather 
to a reductio ad ^aurdum of the theory. 
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ill size, and tlion grows slowly until the next division-period is 
reached. As a result of the slow “functional growth” of the 
nucleus, a disproportion botAveen the mass of the nuclear substance 
and that of tlie cytoplasm is brought about, producing a condition 
of tension between the nucleus and the cytoplasm (“ Kernplasma- 
Spaunung ”). When tlui tension reaches a maximum, the nucleus 
acupiires the poAver of groAving ra|)idly at the expense of the cyto- 
plasm, and this “ division-growth ” leads to the fission of the cell, 
restoring the standard balance of nucleus and cytoplasm. Relative 
increase of the nuclear substance retards the cell-division, and 
brings about increase in the size of the cell ; relative decrease of the 
nuclear mass has the opposite effect. 

2. Division of the Cell — A distinction has been draAvn above 
bctw(;en binary fission, or division of the body into two, and mul- 
tiple fission into many parts simultaneously. The daughter-indi- 
viduals produced in either case may be similar to the parent-indi- 
vidual in all respects except size, or may differ from it in lacking 
more or fcAver of its characteristic parts and organs, which are then 
formed after the daughter-individuals are sot free. In extreme 
cases one or n\ore of the daughter-individuals may possess, when 
first liberated, no structure more elaborated than the essential 
jiarts of a cell, cytoplasm and nucleus or chromidia ; in sucli cases 
the daughter is termed a “ bud,” and the process of fission by Avhich 
it arises is termed “ budding ” or gemmation, distinguished further as 
“simple gemmation” when only one bud is formed at a time, and 
“ multiple gemmation ” Avhen many arise simultaneously. In many 
cases of multiple gemmation the parent-organism does not survive 
the process, but breaks up almost completely into buds, leaving 
only a greater or les-? amount of residual protoplasm, which degene- 
ates and dies off ; budding of this kind is termed s])orulation. 

In binary fission, when the organism is of simple structure, as in 
the case of amoeba;, the division is equally simple. After division 
of the nucleus, the tAVO daughter-nuclei travel apart, and the body 
follows suit, by fioAving, as it were, in two opposite directions, 
forming tAvo smaller individuals each with a nucleus, and con- 
nected at first by a protoplasmic bridge, Avhich soon snaps and is 
draAvn in. The contractih; vacuole, if present, is taken over by 
one of the two daughter-individuals, Avhile the other forms a new 
vacuole ; in many cases the normal number of contractile vacuoles 
is doubled before division begins. 

In forms of more complicated structure, the division also becomes 
a more complex process. Where the body-form is definite, the 
plane of cleavage bears usually a constant relation to it. Thus, in 
Ciliata the division of the body takes place typically transversely 
to its longitudinal axis, except in the order Peritricha. In Flagel- 
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Fkj. C8.— Budding of Jlcanthocijsiis aculeata (compare Fig. 04, .1). A, li, Division 
of the nucleus, in which the central grain takes no part; C, extrusion of a 
bud ; three buds in process of extrusion, the nucleus of the parent dividing 
again; E, free bud; F, flagellula, and 0, amcebula, produced from buds; 
// and I, two stages in the extrusion of a centriolc from the nucleus of a bud 
to form the central grain of the adult form. After Schaudinn (82). 
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lata, on the other hand, the division of the body is usually longi- 
tudinal. In any case, the two products of fission may be equal or 
subequal in size, without j)erccptible difference of parent and 
young ; or they may be markedly unequal, in which case parent 
and offspring can be distinguished clearly. 

The various organs of the body may be doubled before division : 
either by splitting or new growth of one set ; or, if there are many 
organs of a particular kind present, such as the cilia and tricho- 
cysts of Ciliata, they may be simply shared between the two 
daughter-organisms ; or, finally, any given organ present in the 
animal before division may b(? retained by one of the two daughter- 
individuals, while the other forms the organ in question anew after 
division. Thus, in Ciliata one daughter-individual retains the old 
peristoine ; the other forms a new one for itself. The greater the 
number of organs formed afresh in the daughter-individual, the 
more advanced is the transition from ordinary fission towards 
budding. 

In typical gemmation small portions of the parent-organism 
grow out, into which pass either nuclei, the products of the division 
of the parent-nucleus (Fig. 68), or of budding from the nucleus of 
the parent (Fig. 55), or chromidia, alone or together with a nucleus. 
(Such buds may arise on the surface of the parent-body, or they 
may be cut off in the interior of the cytoplasm of the parent, and 
may remain for some time within its body. Endogenous budding 
of this kind is seen in the Neosporidia (p. 325), in the Acinetaria, 
where it is combined with nuclear budding, and in Arcella (Fig. 80) 
and some amoebae, where it is combined with formation of secondary 
nuclei from chromidia. 


Bibliography . — For references see p. 479. 
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SYNGAMY AND SEX IN THE PROTOZOA 

Ki5irpi j3a/)fia, 

Kwpt pcfieaffardf Kvvpi Oyaroiffip dvexO'^i. 

It is a matter of common knowledge that amongst all the higher 
animals and plants the phenomena of sexual generation and sexual 
differentiation are of universal occurrence. Reduced to its simplest 
terms, and stripped of all secondary complications, the sexual 
process in an ordinary animal or plant consists essentially of the 
following series of events : In the multicellular body certain cells 
are produced which may be termed comprehensively and universally 
the gametes. In the two sexes the gametes exhibit characteristic 
differences ; those of the male sex, the spermatozoa, are typically 
minute, active, and produced in large numbers ; those of the female 
sex, the ova, are, on the contrary, relatively bulky, inert, and 
produced in far fewer numbers. The gametes arc set free from the 
body, or, at least, from the organs in which they arise, and each 
male gamete, if it finds a partner and if circumstances permit, 
unites with a female gamete ; their bodies fuse completely, cell 
with cell and nucleus with nucleus, and the product is a “ fertilized 
ovum,” or zygote, a single cell which proceeds to multiply actively 
by cell-division, the final result being a new multicellular individual. 

In the Protista belonging to what has been termed in the first 
chapter of this book the “ cellular grade ” — that is to say, in the 
Protozoa and the unicellular plants sexual phenomena arc also of 
widespread, probably of universal, occurrence, and the process of 
sexual union differs only in unessential points from that seen in 
higher organisms. 

In the first place, since the individual in Protozoa is a single cell, 
the gametes themselves are also complete individuals, modifica- 
tions merely of the ordinary individuals of the species produced at 
certain periods or phases of the life-cycle. 

Secondly, the differentiation of male and female gametes rarely 
attains to the high degree seen in the Metazoa, and may be nil ; 
the two gametes may be perfectly similar in all perceptible features 
of structure or constitution, as, for example, Coprommas (Fig. 111). 
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Sexual uni(3u of similar gametes is termed isogamy ; of dissimilar, 
anisogamy. Wlien the gametes arc differentiated, then one gamete 
is generally smaller, more active, often with highly developed 
motor mechanisms, and without reserve food-material in the 
cytoplasm ; this is the microgmmte, regarded as male, ''riie other 
gamete, on tlie contrary, (‘xhil)its a tendency, more or less pro- 
nounced, to he large, inert, witliout motor nu'clianisms of any 
kind, and to store u]) rt'serve food-material in the cytoplasm — ■ 
tile irnwrognimle , Regarded as female. The differentiation of the 
gainch's is si'cn to lie a specialization of two kinds of cc^Il-individiials, 
the one ri(;h in motile or kinetic protoplasm but poor in tro])hic 
substance, the other rich in trophic protoplasm but poor in kinetic 
substance. In some cases the sexual differentiation may affect 
also the mother-cells of the gametes, the gamelocytes, or may be 
thrown back still farther in the series of generations preceding 
the gametes ; in such cases a number of successive generations of 
gmnonls exhibiting sexual differentiation terminate in a gameto- 
cyte generation from which the actual gametes aris(;. 

Thirdly, in the process of sexual union, or syngamy, as it may 
be termed comprehensively, the bodies of the two gametes do not 
always fuse completely ; in some cases the two gametes come 
together and merely interchange portions of their nuck^ar apparatus, 
remaining separate and retaining their distinct individuality. The 
nucleus which remains stationary in the one gamete then fuses 
with the migratory nucleus derived from the other gamete. 
Examples of this type of syngamy are seen in the Infusoria (Fig. 77). 
The type of syngamy in which the two gametes fuse completely 
is sometimes termed co'pulation (or total karyogarny) ; that in which 
they remain separate and exchange nuclear material, is known as 
conjugation (or partial karyogarny), and the two sexual individuals 
themselves as conjugants (they should not, perhaps, be termed 
“ gametes,” strictly speaking, for reasons explained below) ; but 
the term “ conjugation ” is often used quite loosely for either type 
and lacks precision. 

These differences in the sexual process between Protozoa and 
the higher organisms enable us to give a wider significance, and 
at the same time a more precise definition, to the word “ syngamy.” 
However varied in detail, syngamy is essentially nothing more 
than an intermingling of chromatin-substance derived from two 
distinct cell-individuals. Plus fa change, plus Pest la rnerne chose. 
The chromatm that undergoes syngamic union may be in the 
form cither of chromidia or of nuclei ; in the former case the process 
is termed chromidiogamy, in the second karyogarny. Chromidiogamy, 
though probably the most primitive type, is known to occur only 
in a few Sarcodina {Difflugia, p. 230 ; Arcella, p. 148). In the vast 
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iHcajority of Protozoa, as in all known cases amongst Metazoa and 
plants, syngamy takes the form of karyogamy. Tlio niK-hn of 
the gametes are termed pronuclei, and the nucleus that result-s 
from fusion of the pronuclei in the zygote is termed a synkaryon. 

In many Protozoa (e.r/. Coccidium, Fi". (59) tlio fusion of tho two iwonuelcn 
is ofTectod by moans of a poouliar mochanism tormod a “ hwtilization- 
spindlo.” Wlion (ho (,wo pronuohn aro in (!on(acb, (ho female proiineleiis 
lirsb takes an elongated, fusiform shape, having its ehromal in-grains sj)read 
over an aehromatinic framework. Tho chromatin of the male |)ronneleus 
is then spread ov(W the same slruelnn^ Tliis mechanism has nothing to do 
with nuclear division, but merely etfects a complete int(n'mingling of llu^ 
chromatin of the ju'onucloi, afttn* which (h(5 synkaryon assumes its normal 
a[)pearanoe and roiuKlod form. In Infusoria tho two pronnclei fuse in the 
condition of tho karyokinotic spindlo in many cases. 



« ' Fia.|(59. — Fertilization of Coccidiumlschuh(V(ji. A, Penc- 

* ti-ation of tlio maorogainoto by one of live micro- 
gameP'S ; the kunalo pronueleus has an elongated 
form ; B, the favounsl microgainete has passed into 
the interior of the inacrogamek\ which lias .secreted a 
membrane (obcy.st) at tlu^ .surface of the body, e.x- 
eluding the other microgametes ; C, the female ]no- 
nucleiis lias a.ssumed an elongated, spindki-likc form, 
p while the male ])ronucleus lies at one ])ole of the 

.spindle in the form of a little mass of granuh's ; the 
excluded microgametes are degenerating ; D, the granules of the male pronucknis 
have spread themselves over the spindle-figuro formed by the female pronucleus; 
E, the fertilization-spindle seen in I) has rounded itself off to form tho synkaryon. 
and fertilization is complete, d, Microgaraetes ; mao roga mete ; nj, male 

pronueleus; w?, female pronucleus; f.s., fertilization-.spindle ; c, odcy.st ; 
synkaryon. After Schaudinn (99), magnified 2,250. 


Truo S 3 aigamy, a.s defined above, must bo distinguished carefully from 
certain other phonomona which aro likely to bo confused with it ; it must 
not bo assumed that every fusion of colls, or ovon of nuclei, is necessarily a 
case of syngamy. In somo Protozoa tho mothor-coll.s of tho gamet(^H, (he 
gamctocytos, enter into a more or loss close association prior to tho formation 
of gametes, which aro produced in duo course and then perform tho act of 
syngamy in tho normal mannor. An example of such association is seen 
in gregarines (p. 330), where association betw'oon adult gamctocytos is tho 
rule. Sometimes tho two gametocytes a.s.sociato in tho earliest stages of 
their growth, as in Diplocystis (Fig. 70, ^4), and their bodies may then fu.so 
completely into one ; but their nuclei remain distinct, as in Cystohia 
(Fig. 70, B), and give rise in due course to tho pronucloi of distinct gametes. 
Forms in which precocious association of this kind occurs aro described as 
being “ neogamous ” (Woodcock). 

In many cases, union of distinct individuals can bo observed which have 
nothing to do with syngamy, since no fusion takes place of nuclei, but only 
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of cytoplasm. Such unions arc distinguished as plastogamy (or plasmogamy) 
from true syngamy. Plastogamic union may bo temporary or j^ermanont ; 
in the latter case it loads to tho formation of plasmodia, as in the Mycetozoa 
(p. 239). Tho significance of plastogamy is obscure in many cases, but in 
some it may jKjrhaps bo comparable to tho association of gametos already 
described, and in this way may throw light on some cases of so-called 
“ autogamy” (see p. 138, infra). 

A further case of unions which are not in any way sexual in nature is seen 
in tho remarkable phenomena of agglomeration exhibited by some Protozoa— 
for example, trypanosomes. In this case tho organisms lulhere to each other 
by the posterior or afiagcllar end of the body, a[)parently by means of a st icky 
secretion formed by tj>o kinotonuclous, so that large clutnps are formed 
(iornposed of niimerous individuals. Tlui plumorntma of agglotnoration are 
associat(Hl with conditions unfavourable to tho parasite, and ap[)ear to b(5 
duo to tho formation of special substances, agglutinins, in tho blood of tho 
host. Similar phenomena are well known in bacteria as agglntinatum, since 
in this case the agglutinated individuals are unable to separate, while in 




PiQ. 70. — Prccooio\is association and nooganiy of gamotocytes in gregarinos. 
A, Diplocystifi minor, parasite of tin; cricket: m., oomnioii niiunbratio uniting 
the two associak's ; g., grains of albuminoid reserve-material. Ji, Cydohia 
hdothuries, parasite of Holothuria tubidosa, showing the two nuclei in an 
undivided body, A after Ouenot, magnified about 120 diameters ; B after 
Minchin. 

tho case of trypanosomes that are agglomerated it is possible for tho indi- 
viduals to become free again if tho conditions are ameliorated. In other 
Protozoa, also, phenomena of tho nature of agglomeration are seen in de- 
generating forms (see p. 209, infra). 

Certain aspects of syngamy must now be discussed in more 
detail — namely, the relation of syngamy to the life-history as a 
whole ; its occurrence in the world of living beings ; its significance 
for the life-cycle ; and its effects on the species and the individual. 

1. Syngamy in Relation to the Lije-Uistory of the Organism.— 
In any living organism the principal manifestation of vital activity 
is the power of assimilation, resulting in growth. As a general 
rule, however, the growth of an organism is not indefinite, but has 
a specific limit ; an individual of a given species does not exceed 
a certain size, which may be variable to a slight extent, but which 
is fairly constant for normal individuals of the species in question 
under similar environmental conditions. When the limit is 
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reached the organism tends to reproduce itself. In Protista, as 
described in the Ifist chapter, two principal types of reproduction 
occur — namely, simple or multiple fission. In either ease the 
organism grows to its full sijccific size, and then divides into stnalhir 
individuals ; the greater the number of daughter-individuals pro- 
duced at each act of reproduction, the more minute those daug litter - 
ijidividuals. Following the act of reproduction comes a period 
of growth, during which the small forms grow up into full-sized 
individuals which reproduce themselves in their turn. 

Thus the life-history of a Protist may be described as an alterna- 
tion of periods of growth and periods of reproduction. If, how- 
ever, the life-history consists of only these two events in alternating 
succession, it is an infinite series, not a cycle ; continuous, not 
recurrent. Possibly such a condition, varied only by states of 
repose interrupting the vital activity of the organism, is found in 
Bacteria and allied forms of life, where true syngamy apparcjitly 
does not occur. But it is probable that in all Protozoa, as in all 
Metazoa and plants, the life-history is a recurrent cycle, of which 
an act of syngamy may be taken as the starting-point ; this point 
will now be discussed. 

2. The Occurrence of ^yn<jamy in the Serm of Liviny lUdnys . — 
With regard to this question, there are two possibilities ; first, that 
syngamy and sexuality constitute a fundamental vital phenonu'non, 
common to all living things ; secondly, that it is an acquisition at 
some period or stage in the evolution of organisms, and not a 
primary characteristic of living beings. The sex-philosoplier 
Weininger* has argued in favour of the first of these hypotheses, 
and goes so far as to regard all protoplasm as consisting primarily 
either of arrhenoplasm (male) or thelyplasm (female), standing in 
fundamental antithesis to one another, and combined in varying 
proportions in a given cell or sample of the living substance. A 
view essentially similar has been put forward by ►Sehaudinn, and 
is discussed below. 

It is beyond question that sexuality is a universal attribute of 
all living beings above the rank of the Protista, whether animals 
or plants. In Protista, however, syngamy has not been observed 
to occur with certainty in the Bacteria and organisms of a similar 
type of organization. It is true that certain rearrangtunents of 
the chromatin, observed in some larger organisms of the bacterial 
lype at certain phases of their life-history, have be(;n compared to 
«exual processes, but such an interpretation is, to say the least, 
highly doubtful. In Protozoa, syngamy has been observed to 
occur in a vast number of forms, but by no means in all. In the 

* Weininger, 0., “ Sex and Character,” chapter ii. London : W. Heinemann, 
1906. 
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case of those species in which syngamy has not been observed, 
there are three abstract possibilities : first, tliat it does occur, 
but has not yet been seen ; secondly, that it is sec(nidarily in 
abeyance ; thirdly, that it is primarily absent — that is to say, that 
it has never occurred either in the form in question or in its ancestral 
lineage. On the whole, the first of these three possibilities is the 
most probable, though the second must, perhaps, also be taken 
into account, as will be shown later. 

So far as a generalization is possible or permissible in the present 
state of knowledge, it appears that sex and syngamy are phenomena 
of universal occurrence in all truly cellular organisms, but we have 
no certain knowledge that they exist in any organisms of the 
bacterial type of organization. With the passage from the bacterial 
to the cellular type of structure, syngamy became, apparently, a 
physiological necessity for the organism, and was probably acquired 
once and for all. 

3. The Signifiatnce of Syngamy in the JAfe-Cycle . — In order 
to appreciate the part that syngamy plays in the life-histories of 
organisms generally, it is necessary to compare briefly and in 
general outline the life-cycles of Metazoa and Protozoa in typical 
CiiseS. 

In the Metazoa the cycle starts from a single cell, the zygote 
or fertilized ovum, which multiplies by cell-division in the ordinary 
way. Thus is produced a multicellular individual, composed 
always of at least two classes of cells — tissue-cells (histocytes) and 
germ-cells. The histocytes are differentiated in various ways, 
related to various functions, to form tissues, and so build up the 
soma. The germ-cells are not differentiated for any functions but 
those of sex and reproduction, and occur primarily as a mass of 
undifferentiated cells constituting the germen ; they are lodged 
in the soma and dependent upon it — parasitic upon it, so to speak 
— but in a sense distinct from it ; they draw their sustenance from 
the soma, influence greatly its development and activities, but 
contribute nothing to the work of the cell-commonwealth. Of 
these two portions of the Metazoan individual, the soma is neces- 
sarily mortal, doomed inevitably to ultimate senility and decay. 
The cells of the germen, on the other hand, are potentially im- 
mortal, since under favourable conditions they can separate 
from the soma and give rise in their turn to a new individual of 
the species with soma and germen complete again. This type of 
generation is always found in every species, though lon-sexual 
methods of generation may also occur in many cases. 

In the life-cycle of the Metazoa, as sketched above in its most 
generalized form, twd individualities must be clearly distinguished, 
the one represented by the soma together with the germen, con- 
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stitiiting the complex body of a Metazoan individual ; the otlier 
n^pre^sented by the single ec'lls of which both soma and gcM iuen 
alike are built up. The phrase “ reproduction,” whether se.xual 
or non-sexual, as applied to the M(;tazoa, refers only to the complex 
multicellular body as a wliole, and not to its constituent cells, 
which reproduce themselves uninterruptedly by fission during tlu; 
whole life-cycle. 

In the comparison of a typical Protozoan life-cycle with that of 
the Metazoa, we may start in both ciiscs alike from a single cell- 
individual which is the result of an act of syngamy. In Protozoa, 
also, the zygote multiplies, sooner or later, to produce numerous 
cell-individuals ; but in this case the cells remain separate from 
one another and independent, so that no multicellular body is 
produced, except in the colony-building species, nor is there any 
distinction of somatic and germinal cells, savti in rare easels, such 
as Yolvox (p. 267). in Protozoa the phenomena of vital exhaustion, 
so-called “ senility ” (Maupas) or “ depression ” (Calkins, Hertwig), 
appear to bo as imivitable as in the c(dls of the Metazoan body 
(sec pp. 135 and 208, in/ra ) ; but if the derangement of the bodily 
functions and the vital mechanism has not gone too far, the organism 
is able to recuperate itself by self-regulative processes, of which 
the most important and most natural are those involved in the 
normal process of syngamy. Consequently no cell - individuals 
among Protozoa are doomed necessarily and inevita])ly to dccadiuice 
and death, but r 1 possess equally potential immortality — that is 
to say, the capacity for infinite reproduction by fission under favour- 
able conditions. The Metazoan individual is represented in the 
Protozoa only by the entire life-cycle, from one act of syngamy to 
the next, and not by any living organic individual. 

In the life-cycle of a Protozoon, as there is only one individuality, 
so there is only one method of reproduction — that, namely, of the 
cell, by fission ; and it must be made clear that the re})r()du(;tion 
of the cell-individual is not in any special relation to synga?ny 
in Protozoa, any more than in Metazoa. 

It has been pointed out above that the life-history of a Protist 
organism consists of alternate periods of growth and reproduction. 
In those Protozoa in which syngamy has been observed, it is found 
to take place sometimes at the end of a period of growth and before 
a period of reproduction, sometimes at the end of a period ( f 
reproduction and before a period of growth, and sometimes thert^ 
may be a difference between the two sexes of the same •s[)ecies 
in this respect. In the first case, syngamy takes place between 
full-grown individuals of the species, as in Aclimphrys (Eig. Til- 
so-called Ttiacrogamy, which is almost always isogamous. In the 
second case, syngamy is between the smallest individuals produced 
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by fission or gemmation, as in Foraniinifera (p. 235), Arcella 
(Fig. 80), etc. — so-called rnicroganiy, which may be isogamous or 
slightly anisogamous. In the third case, syngamy is between two 
individuals showing the utmost disparity in size, a tiny micro- 
gamete and a bulky macrogamctc, as in Coccidium (Figs. 69, 152) ; 
the result being anisogamy of the most pronounced type. 

From these facts, it is abundantly clear that syngamy in the 
Protista cannot be regarded as related specially to reproduction, 
but as a process affecting the life-cycle as a whole, related equally 



I'lu. 71.--Copiilaiioii of Actinophrys sol. A, Two associated frec-swiniining 
individuals. B, The two individuals arc bt'ginning to encyst themselves ; their 
nuclei {N., N.) are preparing for karyokinesis ; an outer gelatinous envelope {g) 
is secreted round the two gainelos, and also round each individual an inner 
cyst-envelo})e (c. ), incomplete at the surface of contact. C, The nucleus of each 
gamete is dividing by karyokinesis (first ]>olar spindle, p.sp.). 1), Fnimation 
of the polar bodies or reduction-nuclei (r.w.) ; the reduced pionuclei (pn.) 
take a central position in the body of the gamete ; the bodies of the gametes 
are beginning to fuse. E, The pronuclei arc fusing ; the reduction-nuclei have 
passed through the wall of the inner cyst. F, The synkaryon {sk.) is beginning 
to divide by Karyokinesis ; the degenerating reduction-nuclei have passed out 
of the inner cyst. N., N., I*luclei of the gametes before reduction. After 
Schaudinn, magnified about 850. 

to all vital functions of the organism, and therefore only indirectly 
to reproduction — that is to say, only in so far as reproduction may 
result from renewed and invigorated vitality. This is equally 
true of the Metazoa, Avhere, however, the life-cycle begins and ends 
Avith the production of a complex multicellular body, composed 
of soma and germeii. Hence, in the Metazoa syngamy is brought 
into relation with the production of a higher individuality, the 
b(.dy, comparable to the whole Protozoan life-cycle, and it is in 
this sense that the phrase “ sexual reproduction ” must be under- 
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stood ; as already pointed out, syngamy has no special relation 
in Metazoa to cell-multiplication. In Protozoa sexual reproduction 
means simply reproduction following the sexual act ; but sex and 
reproduction must be considered as two things (aitirely distinct. 

Tho coniparlson instituted above between the life-cycles of the Protozoa 
and Metazoa, according to which an entire Protozoan individual is tho nior- 
phological equivalent of a single constituent cell of a Metazoan body, is that 
wliich I personally have always held and taught. It is, I believe, tho pre- 
vailing view among zoologists, and has betm enunciated clearly by (jalkins (5). 
It has, however, been atla(!kod vigorou.sly by Dobell (110), who lays groat 
stnsss on tho physiological analogy Indwccn the single Protozoon. as a com- 
I)lete organisnu and the entire MtJtazoan body. On this ground ho expresses 
tho view that “ a protist is no more homologous with one coll in a metazoon 
than it is homologous with one organ {e.g., tho brain or liver) of tho latter ” ; 
he considers it “ incrediblo that anybody could advocate the view that the 
^fetaz(rv have arisem from aggregated Protozoa,” and he puts forward the 
view that, if the Metazoa have arisen from protist forms, “ it is far more 
natural to suppose that they (lid so by developing an internal cellular structure, 
and not by tho aggregat ion of individuals to form a colony.” Similar ideas 
have 1x3011 put forward also by Aworinzew (890). From those and other 
considerations, Dobell draws the conclusion tliat tho Protista are not to be 
regarded as unicellular, but as “ non-collular ” organisms. 

So far as the word “ cell ” is concerned, I have already expressed tho 
opitiion above that by tho term shoukl bo understood a certain stage in tho 
evolution of tho Protista, and that many protist organisms should not bo 
terniod “ cells,” but only those which have reached what may be considered 
as the truly cellular typo of organization. I am not, therefore, conctirned 
wilh Dobell’s attack on his own conception of tho cell-theory so far as it 
concerns Protists generally, but only in so far as it applies to tho Protozoa. 

possible hero to discuss in detail the ontogonotic devoloiinumt of 
the Metazoa. It must suffice to state that in all primitive typ{ 3 s of embryonic 
development among MJetazoa the cells which build up the body originate 
by repeated bimiry fission of a single cell, tho fertilized ovum ; and that the 
only cases in which tho ovum breaks up into colls by the dovolopmciiit of cell- 
imits internally are those in which tho development is modified by tho 
presence of yolk, or where there is good reason to believe tliat yolk was 
ancestrally present in tho egg. For confirmation of those statements tho 
reader must be referred to tho ordinary textbooks of embryology. I must 
content myself with a single instance, that, namely, with which I am best 
acquainted by personal study. 

In tho development of a simple Ascon sponge, such as Clalhrina hlanca or 
otfior specios (see chapter “ Sponges” in Lankestor’s “ Treatise on Zoology,” 
^‘1- il*"’ ontogeny may bo divided into four phases or periods, 

whicn indicate clearly, in my opinion, tho general linos in tho evolution of 
tno Metazoa from Protozoan ancestors. 

. Starting with the fertilized ovum, strictly homologous with a Protozoan 
zygote, it divides by repeated binary fission into a number of colls (blasto- 
mores), each similar to tho ovum in every respect except size ; tho process 
13 in every way comparable to tho division of a Protozoan zygote info a 
number of individuals which remain connected to form a colony, as, for 
n^any Phytomonadina. 

* blastomeros thus formed, a certain number, variable in different 
species, but relatively few, retain their original characteristics, while tho rest 
)ocome differentiatod into columnar flagellated cells forming tho wall of a 
avity (blastocoelo). Tho undifferentiated blastomeros give rise to tho 
re laocytes, from which ultimately the germ-cells and gametes arise. Tho 
^01 Latcd colls are tho ancestors of tho tissue-cells (histocytes) in tho future 
P^ngc. At this stage, in which tho embryo is hatched out as a free-swimming 
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larva, it is perfectly comparable to a colony of flagellates such as Volvox, in 
which the ordinary individuals have lost the power of becoming, or giving rise 
to, gamofes, which can only arise from certain s^H^cial individuals. 

If. The fre(i-Hwitnming larva, composed maiidy of flagellated colls, with 
the arclneocytcs (other at (he himh^r pole or in the internal cavity, undergoes 
chang(is as it swims about, which consist in some of the llagellafed cells losing 
their llagcdlum, becoming modified in structure, and migrating into the 
interior of th(^ larva ; in (his manner the two germ-layers arc establislnul, and 
the organism has then, so to speak, passed from the condition of a Protozoan 
colony to ( hat of a true Metazoon. 

4. When the germ-layers are established, the larva fixes itself, and of the 
subso(pient development it is suflicient to state that the colls of the two 
germ-layers be(;omo ditferentiated into the tissues of the adult sponge, and 
that in the nudamorphosis of the larva the colls undergo a complete rearrange- 
ment, which shows clearly that every cell has an individuality as distinct 
as that of any Protozoan individual, a conclusion fully borne out by the 
recent ox|Xirimonts of Wilson and Huxley [Vhil. Trarifi., B., ccii., pp. Itih- 
180, pi. viii.) on tho power of rogeiuwation in sponges after complete separation 
of the cells from om? another. 

I am unable, therefore, to accept the standpoint of Dobell with n^gard 
to tho relations of Protozoa and Metazoa, but consider that tho comparison 
of a Protozoan individual to a single cell in a Metazoan body is fully justified 
both morphologically and physiologically, and is a reasonable phylogenetic 
deduction from the ontogcmetic data. Tho ol)jection that there are no animals 
known which correspond to tho four-cell, eight-cell, and blastula stages in 
cmbryological development misses tho point and is not strictly true ; tho 
stage at which an ornbryo consists only of four or eight blastomcres is tho 
homologuo of a Protozoan colony, and in the Flagellata spccicis are known 
in which tho colony consists only of four, eight, sixteen, or thirty-two cell- 
individuals (p. 27.'>). To tho query, “ Has anyone ever found a metazoon 
which is composed of nothing but coherent gametes f it may be replied 
that in many Volvocuncfle tho colony also consists only in part of gamete- 
producing individuals. Tho theory that the Motazoa arise by cleavage of a 
multiniicleato plasmodium, equivalent to a single Protozoan individual, has 
often be(m put forward, but has n(^ver found support from a general con- 
sideration of the facts of Metazoan embryology. In Protozoa the plasrnodial 
phase is always temporary, and ends sooner or later by breaking up into 
separate uninucleate individuals. 

4. The Effects of Syngamy — (1) u^on the Individual, (2) Ufon 
the Epccies. — 1 . Of all Protozoa, the ciliatc Infusoria are the 
group in which syngamy is most easily observed and studied — in 
the first place because in these organisms it is readily distinguished 
from simple fission, which is transverse, while in syngamy the two 
conjugants apply themselves laterally to one another ; in the‘ 
second place, owing to the fact that the species of Ciliata are 
practically monomorphic (p. 440), and can be identified without 
difficulty. Hence in this group elaborate and exhaustive experi- 
mental studies upon syngamy and its relation to the life-cycle 
have been carried out by many investigators, more especially by 
Maupas, Hertwig, Calkins, and Woodruff. The results of these 
investigators is briefly as follows : After syngamy the fertilized 
individuals appear vigorous, feed actively and multiply actively. 
After many generations of reproduction by fission, however, the 
race, if kept in an unchanged environment, becomes less vigorous 



SYNGAMY AND SEX IN THE PROTOZOA * 135 


and shows signs of onfeeblement and “ senility ” or “ depression ” — 
a condition which, with continued isolation, reaches such a pitch 
that the organism is unable to assimilate, grow, or repr(^duce, but 
dies off inevitably unless conjugation witli another individual 
takes place. At a result of syngamy, the vigour of the race is 
renewed, and the organisms once more grow and reproducer them- 
selves actively until senility supervenes again. From these and 
many other facts it would a])pear as if syngamy produced a 
strengthening or re-organizing effect upon the organism, restoring 
vigour and activity to vital functions that have become, as it were, 
worn out and effete. 

One very important discovery has resulted from the experi- 
ments of Calkins and Woodruff — namely, that the necessity for 
syngamy can bo greatly deferred by change of environment. A 
strain which has become senile and exhausted can be stimulated 
and revived by a change of food. Even this remedy appears to 
have its limits, however, a degree of exhaustion being reached 
sooner or later which nothing can restore to its pristine vigour. 
The animals may even reach a pitch of exhaustion so great that 
they arc unable to conjugate, but die off in a helpless manner. 
Calkins explains such cases as due to the senility having affected 
not only the vegetative, but also the generative chromatin ; pro- 
ducing generative senility, which is incurable, instead of mere vege- 
tative senility, for which syngamy is a remedy. Nevertheless, the 
fact that the advent of senility and exhaustion can be deferred by 
the stimulation of changed conditions is a very important discovery. 
It must be remembered that the Ciliata are organisms of extremely 
complex organization, and it is not unreasonable to suppose that 
in such forms the work thrown upon the vegetative chromatin is 
much heavier, and therefore the tendency to exhaustion much 
greater, than it would be in an organism of simpler constitution ; 
in such a form the stimulus of change of environment might defer 
the advent of senility very greatly, perhaps even for an indefinite 
period (Woodruff, 141).* This suggestion applies particularly to 
parasitic forms, in which the organization is always greatly simpli- 
fied, and in which change of environment from generation to 
generation is inseparable from their mode of life. It would not be 
surprising, therefore, if syngamy were found to bo completely in 
abeyance in a parasitic form of simple structure. 

It should be noted here that examples of syngamy being in 
abeyance are not wanting even in higher organisms. An instance 

* In his most recent work on Paramecium, Woodruff (142) oxpres.ses the view 
that “ most, if not all, normal individuals have, under suitable environmental 
conditions, unlimited power of reproduction without conjugation or artificial 
stimulation.” Oompaxe also Woodruff and Baitsell (143), 
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is the banana-tree. In the wild-banana, seeds are produced from 
flowers of a normal type by fertilization, just as in any other flower- 
ing plant ; in the cultivated banana, however, the flowers are 
Ht(Tile and incapable of hu'tilization, consequently the tree bears 
fruit vliieli are entirely seedless. Hence the cuitivated banana- 
tree is pro])agated entirc^ly l)y a non-sexual method — nainely, by 
the ])roducti(m of suck(ns growing up from the roots, and in no 
other way. Whether this complete abolition of sexuality will in 
time lead to exhaustion of the cultivated race of banana remains 
to be seen, but at prescnit there seem to be no signs of loss of vigoui* 
umh'r cultivation. 

If syngamy can be entirely dispensed with in an organism rela- 
tively so high in the scale of life as a flowering plant, it seems 
probabh^ in th(^ highest degree that the same may be true in many 
cases for unicellular organisms of simple structure, and especially 
for Uiose parasitic forms which live, like cultivated plants, in a 
medium rich in nutritive substances, and in an environment which 
is changed at least once in each developmental cycle. Instances 
of this arc perhaps furnished by the various specic^s of pathogenic 
trypanosomes, strains of which have been brought to Jilurope and 
propagated for many years from one infected animal to another 
by artificial inoculation, without the natural agency of an inverte- 
brate host. If it be true, as is generally believed, that in trypano- 
soiiH's syngamy takes place in the invertebrate host, then 'in the 
long-continued artificial propagation of pathogenic trypanosomes 
sexuality has been in abeyance for a vast number of generations 
without any apparent loss of vital powers. The case of the patho- 
g('mc tiypanosomes cannot, however, be cited, in the present 
state of our knowledge, as an absolutely conclusive example of 
syngamy in abeyance, since it is by no means certain that this 
process does not take place in the vertebrate host, where its 
occurrence has frequently been affirmed (see p. 305, infra). But 
it IS certain that in trypanosomes generally, whether pathogenic 
or non-pathogcnic, syngamy is a rare phenomenon, since it has not 
yet been demonstrated satisfactorily in a single instance, either in 
the vertebrate or the invertebrate host, in all the many species 
that have been studied. It is possible that, in these and many other 
forms of life, sexual processes may intervene only at long intervals 
m the life-history, and by no means in every complete cycle of 
devdopment or alternation of hosts. It then becomes necessary 
to distm^ish a developmental cycle, consisting of a recurrent 
senes of similar form-changes in regular succession, from a complete 
life-cycle marked by the occurrence of an act of syngamy. In 
such forms as the parasites of malaria, for example (p. 358), the 
bfc-cycle ahd the developmental cycle coincide— that is to say. 
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syngamy occurs once for each complete cycle of development 
with alternation of hosts, though it must not be forgotten 
that the development in the verbdjrate liost comprises a vast 
and quite indefinite number of generations of the parasite. On 
the otluu’ hand, in such forms as trypanosomes, a complete lih;- 
cych^, from one act of syjigamy to the next, may comprise', ap- 
parently, a great number of developmental cycles and altei nat ions 
of hosts. 

From the foregoing considerations it is evident that syngamy, 
though usually a necessity for the contimu'd existe'iico of uni- 


cellular no less than of 
multicellular organisms, 
can bo dispensed with for 
a V('ry large number of 
generations, perhaps oven 
indefinitely, in some in- 
stances or under special 
circumstances. Two other 
phenomena of apparently 
w itlesprc'ad o c c u r r e n c o 
point to the same con- 
(dusion — namely, the phe- 
nomena of parthenogenesis 
and autogamy. Partheno- 
genesis is a mode of ro- 
production so common in 
Metazoa of various classes 
that it is unnecessary to 
cite instances of it hero ; 
it may be defined briefly 
as the power to develop 
without syngamy poss(‘ssed 
by a sexually-differentiated 
gamete, which under nor- 



Fia. 72. — Parthenogenesia of Plamndium rivax. 
A, A female gametocyte, of wliicli tlio iiucIc'uh 
is dividing into a darker portion (/d) and a 
lighter portion (?d); P, the separation of the 
two parts is complete ; C, the darker nucleus 
has divided into a nuinbi'r of })ortion.s ; D, a 
number of merozoites are formed from the 
darker nuclei ; the lighter nucleus is abandoned 
in the residual protoplasm {r.p.) containing 
the melanin-pigment. After 8chaudinn (130). 


nial circumstances could do so only after syngamy with a 
gamete of the opposite sex. To this it must be added that 
the gamete which has this power is always the female ; but this 
limitation receives an explanation from the extreme reduction 
of the body of the male gamete and its feeble trophic powers, 
rendering it quite unfitted for independent reproduction, rather 
than from any inherent difference between the two sexes in 
relation to reproductive activity. Parthenogenesis has been de- 
scribed by Schaudinn for the human malarial parasite (Fig. 72) 
and in Trypanosoma noctuce, and by Prowazek for Herpetomonas 
'tnusem-domestiem ; none of these cases, however, are entirely free 
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from doubt, and in any case parthenogenesis seems to be of much 
rarer occurrence among Protozoa than among Metazoa.* 

Autogamy, on the otlier hand, is a phenomenon which has been 
frequently observed iti Protozoa, eiuefly, though not exclusively, 
among parasitic forms ; it may be defined as syngamy in which the 
two gauHites, or at least the two pronuclei, that iindc^rgo fusion 
are sister-individuals derived by fission of the same parent cell 
or nucleus. Hartmann (IIG) has brought together the many cases 
of autogamy known to occur among Protozoa and other Protist 
organisms, and has classified them under a complex terminology. 
It is sufficient here to mention two typical cases, those, namely, 

of Actinos'phcprium 

© and Entamoeha coli, 
mad(5 known by R. 
Hertwig (64) and 
Schaudinn (131) re- 

A B C spectively. 

In Actinosph cerium 
an ordinary indi- 
vidual (Fig. 3) be- 
comes encysted as 
a multinucleate 
“ mother - cyst , ” 
which becomes di- 




Pio. 73.— Autogamy in Entammha cdi. A, The amooba 
at the beginning of cncy.station with a single nucleus ; 
B, the nucleus dividing ; 0, the two daughter-nuclei 
throwing off chromidia ; a space has appeared l)c- 
tw<'(‘n them ; D, each nucleus has formed two re- 
duction-nuclei, which arc being absorbed ; E, a 
resistant cy.st-membrano has been secreted ; the 
partial divi.sion in the protoplasm has disappeared, 
and the two reduced nuclei are each dividing into 
two ; F , each daughter-nucleus of the two divisions 
in the last stage has fused with one of the daughter- 
nuclei of the other division to form two synkarya. 
After Hartmann (llfi), drawn by him from the do- 
soription given by Schaudinn (131). 


vided up into a num- 
ber of uninucleate 
“primary cysts,” 
after absorption of 
about 05 per cent, of 
the nuclei originally 
present. Each pri- 
mary cyst then di- 
vides completely into 
two distinct cells — 


“ secondary cysts.” 

Each secondary cyst then goes through a process of nuclear re- 
duction (see below), after which it is a gamete ; the two gametes 
then fuse completely, cell and nucleus, to form the zygote. 


* Prowazek (557) has described in Herpetomonas muscoB-domesticcB a process 
interpreted by him as parthenogenesis (“ etheogenesis ”) of male individuals, but 
the correctness both of his observations and of his interpretations are open to 
the gravest doubt. According to Flu (536), the objects to which Prowazek gave 
this interpretation ftro in reality stages in the life-history of a quite distinct 
organism, named by llu Octosporea muscce-domeaUccB, and now referred to the 
Miorosporidia. It is greatly to be deprecated that interpretations of such un- 
certam validity should be used, as has been done, to sup^rt general theories in 
the discussion of the problem of syngamy. 
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In Entamoeba coli (Fig. 73) the process starts in lik(' maniK'r 
from a uninucleate individual, the nucleus of which divides into 
two, hut the cell divides incompletely and only temporarily. Each 
nucleus then breaks up completely into chromidia and disappears 
from x'mv. Some of the chromidia are absorbed, whik‘ from otla-rs 
a secondary nucleus is formed on each sid(‘ of tlu^ cell, so that two 
nuclei reappear again in the cyst, but smaller than befon^ and 
staining b'cbly. Each second.ary nucleus now divides twice to 
form thr(‘e mudfu on each side, two of which degeiu'ratc' as n'- 
duction-nuclei, Avhile the third in each case persists as a gamete- 
nucleus. As soon as the process of reduction is complete, the 
incomplete separation of the two cells disappears, so that tlu^ two 
gamete-nuclei lie in a single cell, which at this stage forms a tough 
cyst. Now (‘ach gamete-nucleus divides into two pronuclei, those 
of the same pair being slightly different from those (f (he other, 
according to tSchaudinn (133). Then a pronucleus of each pair fus(‘s 
with a pronucleus of the other pair, so that two synkarya result. 
At a later stag(i (Mich synkaryon divich's twice, and eight ammbuke 
are formed by division of the cell within the cyst. 

From these two examples, it is seen that autogamy is a process 
of extreme inbreeding as regards the gametes. In typicMil cases 
of syngamy the two gametes must bc^ deprived from two distinct 
strains, and those of the same strain will not conjugate ; tSchaudinn 
(131), for example, ol)served that the gametes of Polyslomella 
ermpa would only copulate when a couple came together in which 
each gamete was of distinct parentage. In a great number of 
Protozoa the differentiation of the gametes and their mode of 
formation makes it certain that the couple which join in syngamy 
are derived from different parents. On the other hand, in many 
cases of autogamy that have been described, it is ctpially certain 
that the conjugating gametes and pronuclei have a common 
parentage, and it is hardly possible to consider autogamy otherwise 
than as a degeneration of the sexual process, evolved in forms in 
which one feature of true syngamy — namely, the mixture of distinct 
strains — is, for some reason, no longer a necessity ; we shall return 
to this point when discussing the nature and origin of the syngamic 
process. It is possible, moreover, to recognize progressive stages 
of the degeneration, as shown by the two examples selected. In 
the less advanced stage {Actinosph(Brium) the parent cell divides 
into two complete cells, each of which, after a process of matura- 
tion, becomes a gamete. In the more advanced stage {Entamoeba 
co^i), the division of the parent-cell is checked, and only its nucleus 
divides, each daughter-nucleus becoming a pronucleus after reduction. 

Tho occurrence of autogamy has been asserted in a numter of cases which 
ivro. to say tho least, oxtromoly doubtful, as, for example, tho Myxosporidia 
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(p. 407) and allied organisms, where it is far from certain that tho two nuclei 
or colls, from which ultimately tho pronucloi or garnotos arise, have a common 
parentage. Autogamy has recently l^ecome very fashionable, and there is 
a tendency to regard as sn(ih, not only many cases which are probably truly 
heterogamous, but also nuclear fusions or appositions which are not in any 
way sexual {c.rj.. Schilling, 134). 

The essential point to consider, in cases of autogamy, is whether there is 
a union of chromatin derived from distinct strains— —or from 
a common parentage -automixis. Thus, it has boon pointed out above that 
in gregarinos two gamotocyles may associate, and oven fuse into one body, 
but with the nuclei remaining distinct (Fig. 71, B). When gamete-formation 
takes pla(^e in a “ noogamous ” s[M)ci(is of this typo, the ganK^tes of one s(^x 
derive their pronucloi from one gamotocyle-nuclous, those of tho opposite 
sox froni tho other, with subsequent syngamy of a truly hotorogamous tyf^e. 
If tho fusion of tho gamotocytos were to go farther, a plastogamic, non-soxual 
union of the two nuclei might result, producing a single nucleus containing 
chromatin from two distinct sources ; in that case, when garnet (i-forinat ion 
took place, tlui syngamy would be, to all intents and purposes, a typi(!al case 
of autogamy, and would certainly bo so described if it were not known that 
tho single gamotocyto-nuclous had arisen by fusion of two distinct nuclei. 
If, however, in each couple of copulating gametes, ono pronuclous contained 
chromatin dewivod from ono of tho two original gametocyto-nucloi, tho other 
pronuclous, similarly, chromatin derived from tho other nucleus, tho result 
would bo a true amphimixis, just as in ordinary htiterogamy. 

In AdmosphcErium, plastogamic fusions of tho ordinary vogotative, multi- 
nucleato individuals are stated to be of common occurrence ; it is thoreforo 
possil)lo that an individual which emjysts may contain froqmmtly nuclei 
from distinct sources. According to Brauer, fusion of nuclei takes place in tho 
mother-cyst to form tho nuclei of tho primary cyst. 1’hero is therefore at 
least a possibility that tho autogamy of Actino.^phccnim may bo, in some 
cases, combiiMHl with amphimixis. 

In other cases, howovor, such as Entamoeba coli and Amoeha albula (Fig. 87), 
lliero scorns little reason to doubt that the autogamy is a true automixis. 
Analogous cases of self-fertilization are well known in tioworing plants, wluwo 
they are sometimes tho rule, sometimes an alternative t o cross-fertilization. 
In free-living Ciliata, also, syngamy has been observed between cousins, tho 
descendants of an ox-conjugant after but four divisions (Jennings, 121), 
which is not far removed from automictic autogamy. 

The conclusion put forward above, on experimental grounds, 
that syngamy has a strengthening or invigorating effect on the 
cell-organism, receives further support from the many instances in 
which it is observed to occur as a preliminary to the production 
of resistant stages destined to endure unfavourable conditions of 
life. Thus, in free-living Protozoa syngamy occurs commonly in 
the autumn, previously to the assumption of a resting condition 
in which the organisms pass through the winter. In Dijflugia, 
for instance, syngamy in the autumn is followed by encystment, 
and the cysts remain dormant until the spring. This is strictly 
comparable to the state of things known in many Metazoa, such as 
Rotifers, Daphnids, etc., where in tho summer soft-shelled eggs 
are produced which develop parthenogenetically, but in the autumn 
hard-shelled winter-eggs are produced which require fertilization. 
In parasitic forms, such as Coccidia and Gregarines, syngamy is 
related to the formation of resistant cysts which pass out of the host 
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and endure the vicissitudes of the outer world, until talu'u up by 
a new host in which the parasite is set free from its cyst and starts 
upon a fresh cycle of growth or multiplication without syngamy, 
under the most favourable conditions of nutrition. 

2. As regards the effects of syngamy upon the spt^eies, it must 
be pointed out, in the first place, that a great difference exists 
between multicellular and unicellular organisms as regards the 
effects of external conditions of life upon the sexual process. In 
Metazoa the germ-cells, as already pointed out, are a race of cells 
aj)art, and are sheltered by their position in the body from the 
direct effects of external conditions — at least, to a very large extent. 
In Protozoa, on the other hand, there is no special race or strain 
of germ-cells, but any individual may become a gamete or the 
progenitor of gametes, and all alike are exposed to the direct 
action of the environment. If, now, Protist organisms placed under 
slightly different conditions of existence, tend to vary in their 
characters as a direct consequence of environmental influenctvs, 
syngamy would check any such tendency, and would, on the con- 
trary, tend to keep a given species constant and uniform in char- 
acter, within narrow limits. Were there no inb'rmingling of 
distinct strains, such as syngamy brings about, individuals of a 
species subject to different conditions of life would tend to give 
rise to divergent strains and races ; syngamy levels up sucli diver- 
gencies and keeps the tendency to variation within the specific 
limits (compare Enriques, 112 and 113 ; Pearl, 124). If this sup- 
position bo correct, it would follow that no true species could exist 
until syngamy had been evolved ; and if it be true that no syngamy 
occurs in organisms of the bacterial type of organization, then such 
organisms must be regarded as having diverged under direct 
environmental influences into distinct races and strains, but not 
as constituting true species. The “ species ” of bacteria would 
then bo comparable to the races of the domestic dog, rather than 
to the natural species of the genus Canis. Not until syngamy 
was acquired could true species exist amongst the Protista, a 
condition which was probably first attained after the cellular grade 
of organization had been evolved. 

The conclusions reached hi the foregoing paragraphs may bo 
summed up briefly as follows : Syngamy is a process of inter- 
mingling, in a single cell-individual, of chromatin derived from two 
distinct individuals, gametes, which may exhibit differentiation 
into “ male ” individuals, characterized by preponderance of 
kinetic activity, and “ female,” in Avhieh trophic activities are 
more pronounced. Syngamy is probably of universal occurrence 
in organisms of the cellular type of organization, and from them 
has been inherited by the higher plants and animals, but apparently 
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it docs not occur amongst organisms of the bacterial grade. 8yn- 
gamy is related to tlie life-(;y(*le as a whole, and not s[)(;cially to 
cell-reproduction. In its elTeets on tlie cell-iiulividual, syngamy 
appears to hav(; an invigorating ollect, renewing vital powers that 
have become effete and exliausted ; but in species that live in very 
favourable conditions of nutrition, (;tc., wludher such conditions 
are due to artificial culture or to natural causes, such as parasitism, 
syngamy may bo deferred for a very long time, and may even be 
completely in abeyance, or may degenerate into parthenogenesis 
or autogamy. In its relation to the race, syngamy tends to level 
down individual variations, and so produce true sj>ccies amongst 
the Protista. 

R(‘fore proceeding to discuss the nature and probabh^ origin of 
the syngamic process, it is necessary to take into account a process 
which a2)pears to be a universal concomitant of syngamy — namely, 
the process of nuclear reduction in the gametes. In all cases of 
syngamy that have been carefully studied, it has been found that 
the gametes differ from the ordinary cell-individuals of the species 
in having undergone a process of so-called “ maturation ” which con- 
sists essentially in nuclear reduction — that is to say, in a diminution 
of the normal quantity of the chromatin by so-called “reducing” 
divisions of the nucleus. Hence the pronuclei which undergo 
syngamic fusion differ in their constitution from the nuclei of cells 
not destined for this process, and do not multiply, as a rule, under 
normal conditions so long as they remain single. In some cases 
among plants, however, the cells that have undergone nuclear 
reduction may multiply by fission and produce a multicellular 
organism (gametophyte) from which gametes ultimately arise ; in 
this way is brought about the well-known alternation of genera- 
tions of the ferns and fiowering plants. Since, moreover, in Metazoa, 
ova that have undergone nuclear reduction can be stimulated 
artificially to start their development without fertilization, it is 
clear that the nuclear reduction does not in itself inhibit further 
development or cell- multiplication. 

True nuclear reduction in gametes must be distinguished clearly 
from the process of elimination of effete or vegetative chromatin 
which precedes the formation of the gametes or their nuclei, probably 
in every case. As has been stated above (p. 72), vegetative and 
generative chromatin may be combined in the same nucleus, or 
may occur, the one in the form of a nucleus, the other in the form 
of chromidia, or may constitute two distinct nuclei. When the 
two are combined in one nucleus, a necessary preliminary to gamete- 
formation is the purification of the generative chromatin of all 
effete vegetative material. When the vegetative chromatin is 
already separate from the generative, the latter alone takes a 
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share in syngainic processes, and the vegetative chroinatiii, whether 
as chromidia or a nucleus, disappears from the life-history. 

Nuclear reduction, in the strict sense, concerns simply the mu;k‘i 
composed of generative chromatin, and is a process which results 
in the reduction of the chromatin to half the specific (piantity, a 
deficiency made up again to the full amount by the union of tlu^ 
two pronuclei to form the synkaryon. It is thendore a process 
which is seen in its most characteristic form in those cases where 
it is possible to gauge the amount of chromatin in the nucleus 
more or less accurately by the number of chromosomes formed 
during division. 

In the Metazoa, where each species is characterized by possessing 
a number of chromosomes which is generally constant (the so-called 
“somatic number”), the process of reduction appears to be ex- 
tremely uniform in its essential details throughout the whole series, 
from the Sponges and Cmlenteratcs up to man, and admits of a 
description in general terms. The gametocyte (oocyte or sperma- 
tocyte), when at the full term of its growth, has a large nucleus 
which then goes through two maturative divisions in rapid succes- 
sion. When the gametocyte-nucleus prepares for division, it 
appears with half the somatic number of chromosomes ; but (?ach 
chromosome is in reality bivalent, and produced by the fusion or 
close adherence of two separate somatic chromosomes, in the 
first reduction-mitosis, the two adherent chromosomes in each case 
separate from one another and travel to opposite poles of the 
spindle ; hence this division is in reality a reducing, though it 
simulates in some of its features an equating, division. Im- 
mediately or very soon after the two chromosomes of each pair 
have separated, they split longitudinally in preparation for the iu>xt 
mitosis, which follows hard upon the first, and in which the two 
sister-chromosomes of each pair go to opposite poles of the spindle. 
Consequently the second reduction-division is in reality an equating 
mitosis, though on account of the precocious splitting of the chromo- 
somes it may simulate a reducing division. Thus, to sum up the 
process briefly, the number of chromosomes in the germ-cells is 
reduced to half the somatic number by two successive mitoses, 
the first a reducing, the second an equating division. In the male 
sex, the spermatocyte divides into four gamete-cells of equal size, 
the spermatids, each of which becomes a spermatozoon. In the 
female sex the oocyte-divisions are very unequal, producing the 
ovum, ripe for fertilization, and three minute sister-cells of the 
ovum which, as the so-called “ polar bodies,” are cast off and die 
away. By syngamy between a ripe ovum and a spermatozoon, 
each containing half the somatic number of chromosomes, the full 
somatic number is restored. 
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In Protozoa tho chromosomes are seldom so sharply defined as 
in Metazoa, and consequently it is difficult or impossible to deter- 
mine their number. Many cases in which a fixed number of 
chromosomes is alleged to occur, as in Trypanosoma noctuce (Schau- 
dinn, 132), cannot bo accepted without question in the present 
state of our knowledge. On the other hand, in all groups of the 
Protozoa, where the sexual processes have been carefully studied, 
the union of the gamete-nuclei has been found to be preceded in 
a great many cases by two successive divisions of each nucleus, with 
one or the other of the following results : either the successive 
formation of two reduction-nuclei,* which are cast out of the coll 
or absorbed without dividing further, while the third persists as 
the pronucleus of the gamete ; or the production of four nuclei, all 
of which, or only one of them, persist as pronuclei. These reducing 
divisions in Protozoa suggest forcibly a comparison with those of 
the Metazoa, and from this analogy it may bo further inferred that 
in Protozoa also the chromatin of the conjugating pronuclei has 
undergone a reduction to half the specific quantity ; but it is 
seldom possible to confirm this inference by accurate enumeration 
of the chromosomes. In the case which has been the most care- 
fully studied of all others, that, namely, of Actinospheeriurn, Hertwig 
(()4) found the number of chromosomes in the first reduction- 
spindle to be between 120 and 150 ; in the second reduction-spindle 
the number was about the same, but the chromosomes were about 
half the size of those in the first reduction-spindle. Moreover, in 
both the reducing divisions of Actinosphmrium the chromosomes 
in the equatorial plate divide to form the daughter-plates, as in 
ordinary karyokinesis, whereas in the reducing divisions of Metazoa 
the individual chromosomes arc not divided, but merely sorted out. 
Hence it would appear that in Actinosphmrium, and probably many 
other Protozoa, the reduction of the chromatin in the pronuclei 
is effected by more direct, though perhaps less exact, methods 
than in the highly-perfected process seen in the Metazoa. 

Nevertheless, a few cases arc known among Protozoa in which 
the small number of chromosomes permits of their being accurately 
counted, and in which they are seen to be reduced to half the usual 
number in the maturation-divisions of the gametes. In Pelomyxa 
the first division reduces tho chromosomes from eight to four ; the 
second division, however, is equating, and no further reduction 
takes place (p. 150). In some Infusoria it has been observed that 

* These reduction-nuclei are sometimes termed “ polar bodies,” by analogy 
with the maturative process of tho Metazoan ovum, but tho term is to be avoided 
in this connection, as it places upon these divisions an interpretation which is at 
least highly doubtful ; the polar bodies of Metazoa are sistcr-colls of the ovum ; 
the reduction- bodies in Protozoa are simply nuclei which are extruded or absorbed. 

It is certainly not justifiable in fact, and probably no more so in theory, to regard 
their formation as abortive cell-division. 
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the first division of the micronucleus is an equating division, the 
second reducing ; so in Opercularia (Enriques, 112), Chilodon 
(Enriques, 113), Carchesium (Popoff, 125), Diclinium (Prandtl, 126), 
and Anoplophrya (Fig. 74) ; in the last named the second division 
of the micronucleus reduces the chromosomes from six to tliroo, 
and union of the pronuclei brings the number up to six again. In 
Carchesium the number of chromosomes is reduced from sixteen to 
eight. A similar reduction-process has been described by Mulsovv 
(123) in gregarines (p. 335). Hence i?i these cases the proniKshu 



Fio. 74.— Behaviour of the raicronuoleus during sucoosaivo stages of the con- 
jugation of Anoplophrya (Collinia) hranchiarum. A, Micronuclous of one 
conjugant preparing for division ; B, later stage, with six chromosomes dis- 
tinct ; G, nuclear spindle, with an equatorial plate of six chromosomes ; 
1), diaster-stage, with six daughter-chromosomes at each pole of the spindle ; 
B, later stage, with the chromosomes at each pole fused into one ma.ss ; 
F , Q, Jl, reconstruction of the daughter-nuclei ; the remains of the spindle 
between them disappears gradually ; I, the two micronuclei preparing for 
division ; appearance of six chromosomes in each (one nucleus is seen in 
profile, the other from one pole) ; J, diaster-stages, showing three chromo- 
somes at each pole of the spindle (reducing division) ; K, later stage, the 
chromosomes fused into masses of chromatin ; L, four granddaughter-micro- 
nuclei ; M, one of them grows in size, the other three begin to degenerate ; 
N , division of the persistent raicronucleus to form the two pronuclei ; 0, two 
pronuclei and three degenerating micronuclei. After Collin (50), magnification 
about 2.000 diameters. 

have exactly half the amount of chromatin contained in the ordinary 
nuclei, just as in the Metazoa. 

Doflein (111) and Hartmann (116) consider that a process of 
reduction is absolutely essential to the conception and definition 
of syngamy, and regard reduction as a criterion whereby true 
syngamic union of gametes and pronuclei can be distinguished 
^rom plastogamic and nuclear fusions which have nothing to do 
^ith the sexual process, “ No fertilization without reduction ” 
(Hartmann). But it must be acknowledgt)d that in a great many 
cases of gamete-formation in Protozoa a reduction of the chromatin- 

10 
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substanco of the conjugating proniiclei cannot be deduced from 
observation, and could only be inferred from analogy. In the 
gamete-formation of Coccidium schuhergi, so carefully studied by 
Schaudinn (99), a large number of male pronuclei are formed 
simultaneously by local condensations of chromidia thrown off 
from the nucleus of the gametocyte^, which is left behind in the 
residual protoplasm, with its cons])icuous karyosome (Fig. 50) ; 
in th(^ female gamet(‘, also, the process of reduction appears to 
consist of a simple elimination of the karyosome (Fig, 75), a process 
whi(^h could bo intcr])reted more; naturally as (‘limination of (‘ITete 
veg(‘tativ(i chromatin thaix as a process of true nuclear reduction. 
In the case of Cocculkm, as in others that might be cited, it must 
(uther be assumed that reduction-processes, in the strict sense of 



Fig. 75. — Four stages in the maturation of the female gametocyte of Coccidiim 
Kt'hiihertji. A, Full-grown macrogametocyto contained in the host-c<'ll ; 
H, the maciogan\( tocyte is beginning to round itself olf and to expel the 
karyosome from its nucleus ; C, tin; karyosome expelled from the nucleus of 
the macrogametocyte has reached the surface of the body and broken up into 
a number of fragments, which lie scattered in the body of the host-cell or are 
extruded from it ; 1), tin; macmgametocyte has now become a ripe macro- 
gamete, having rounded itself olf, eliminated the karyosome from its nucleus, 
and divested itself entirely of the host-cell, w., Nuchms of the gametocyte ; 
k., its kaiyosome ; nucleus of the host-cell ; k.', k/, fragments of extruded 
karyosome. After Schaudinn (9!)), magnilicd 1,000. 

the phrase, occur but have been overlooked, or that the method of 
reduction is one that can only be brought into line with the typical 
method by theoretical interpretation founded on analogy. 

It must therefore remain an open question, in the present state 
of our knowledge, whether a process of nuclear reduction strictly 
comparable to the process seen in Metazoa is essential to the 
definition of true syngamy, or whether such a process has not been 
evolved and perfected gradually as a consequence of the sexual 
process. It is quite conceivable that syngamy may have been 
at its first origin merely a process of intermingling of chromatin of 
distinct cell-individuals ; that in this crude and primitive form 
syngamy would tend to disturb the normal balance of nucleus 
and cytoplasm, since it would lead to quantitative excess of the 
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nuclear substance; that, consoquontly, by a regulative process 
which may primitively have followt'd the syngamic union, tlic 
chromatin of the zygote was n^duced to tlu^ normal ([uantity l)y 
elimination of half of its mass ; and tliat from thin hy])otheticiil 
primitive process of regulation of the nucleo-cyto])lasmic balanc(> 
a process of nuclear rc'duction pn'ceding the syngamic act has Ix'cn 
gradually evolved until it nniches its p(‘rf(‘ction in the form seen 
in the Medazoa. On this view, it is to b(^ ex])ected that in Protista 
a great div(‘rsity in the imdhods of nuclear rc'duction would occair, 
from thos(^ of the rouglu'st ty|)e to otliers higlily elaborat'd and 
])('rf('cted ; and tliis expc'ctation certainly noeives justitication 
from the data of observation. Hertwig (lib), on the other hand, 
compares the reducing divisions in the maturation of the gametes 
to the so-called “ hunger-divisions ” in Infusoria, which exhibit 
a great disproportion in the relative mass of nucleus and cytoplasm 
as the result of starvation in artificial cultures ; in such forms the 
body is smaller than in b rms from a normal culture, but the nucleus 
is not merely relatively, but absolutely, larger than that of 
a normal form. The disturbance in the nucleo-cytoplasmic ratio 
(see p. 70, supra) can, however, be regulated by reducing divisions 
of the nucleus. On the ground of this comparison, Hertwig considc'rs 
that the maturative processes of the gametes an; to lx; regard(;d as 
the necessary consequ '::c(;s of antecedent events* in the life-history 
—as processes wliich i.i their turn bring about syiigamy, and not 
such as have the object of preparing the nuclei for f(*rtilization. 

In order to givt; a more concrete idea of the processes of syngamy 
and reduction in Protozoa, a few typical exami)l(;s will now be 
described, selected in order to illustrate the salient features of 
these jn’oeesses. The most convenient method of classification 
of the examples chosen is to distinguish those cases in which chro- 
midia are present m addition to nuclei from those in which nindei 
alone are present. 

1. Synqamy and lieduclion with Nuclei and Chromidia . — In a 
great many Sarcodina, especially those belonging to the ord(;rs 
Amoibaca (p. 218) and Foraminifera (p. 231), chromidia may be 
present in the gamete-forming individuals as a permanent con- 
•stituent of the body-structure. In such cases the chromidia 
represent, wholly or in part, the generative chromatin, and give 
rise, by formation of secondary nuclei, to the nuclei of the gam(;tes. 
As an example Arcella may b(; taken, the life-cycle of which is 
described in a subsequent chapter. In this form two distinct 
forms of syngamy have been described. 

* It is, of course, hardly neco.s.«iary to point out that .starvation i.s by no niean.s 
the only influence which can bring about a disturbance of the nucleo-cytoplasmic 
equilibrium ; over-nutrition, for example, may liavc the same effect. 
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(a) Karyogamy . — The body of an Arcdla gives rise by multiple 
gemmation to a number of amcebulje, each containing a secondary 
nuck'us derived from the chromidia, Avhile the primary nuclei of 
the parent-form degenerate (Fig. 80). The numbt'r and size of 
the anKebuhe vary, however, in dilTerent individuals. In one 
Arcdla the number is less and the amcebulm are larger, eight or 
nine 'macr(im(dm b(‘i?ig produc('d. In anotlnn* the aimebuke are 
more numerous and smalkn*, about forty niicramidxF bt*ing formed. 
In either cas(‘ the animbuke swarm out of the parent-sh(41 and are 
tlu^ gamet(‘s. A micraiineba e()[)ulates with a macraimeba, the 
two fusing comph'tely to form a zygote with a synkaryon. Tlu^ 
amceboid zygote thus produced is the starting-point in the growth 
and development of an Arcdla (Fig. 80, >1). 

In this example the karyogamy is a case of microgamy, which, 
like otlnu' such cases, precedes a period of growth and follows a 
period of active reproduction. It is possible that the sy agamy 
of the gametes is preceded by reducing divisions of the nuedei of 
the amoebuke, but no such reduction has l)e(m observed in Arcdla. 
In Foraminifera (p. 235), in which the syngamy is perfectly isog- 
amous, each secondary nucleus formed from the generative 
chromidia divides twice to form the gamete-nuclei — divisions 
doubtless to be regarded as reducing divisions. In Cmiropyxis^ 
according to 8chaudinn (131), amoebuke, all of the same size, are 
produced as in Arcdla, by formation of secondary nuclei ; but in 
some broods each amoebula divides into four micramcebje (micro- 
gametes), while in other broods the amoebula) remain undivided as 
macramceba) (macrogametes) ; copulation then takes place between 
two gametes of different size. 

{b) Chromidiogamy (Fig. 80, M — ^()). — Two ordinary Arcdlce 

come together and apply the mouths of their shells. The proto- 
plasm of one individual flows over almost entirely into the other 
shell, taking with it both chromidia and primary nuclei, only so 
much protoplasm being left in the one shell as suffices to hold the 
two shells together. The primary nuclei now degenerate, and the 
chromidia derived from each conjugant break uj) into a fine dust 
of chromatin-particles and become intimately commingled. When 
this process is complete, the protoplasm with the chromidia 
becomes again distributed between the two shells, and the two 
conjugants separate. Then in each individual secondary nuclei 
are formed from the chromidia, and by a process of multiple gem- 
mation a number of uninucleate amcebulse are formed which swarm 
out of the shell, and, like the zygotes resulting from karyogamy, 
become the starting-point of a new Arcdla. 

Thus chromidiogamy is here a case of macrogamy which, like 
other similar cases, follows a period of growth and precedes a 
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period of active reproduction. Chro.nidioga.oy i« a rar,- l,„t very 
iutcrc..ting form of syngamy which, from the .stand, ,oint of .-,.n,.,al 
iwtions with regard to the evolution of the nucleus, mav he re- 
gaw ed as the mo.st_primitivc type. It is knmvn to occur also in 
ifflwjM (Zuelzer, So), where also coinilation of swarm-s|)oi-es takes 
plaoi' as ail altoniatiVo niotliod (p. 230). 

A c,asc must now he considered in wl.icli the chrimiidia represent 
vegetative while the nuclei contain the generative, iliromatin. 
. u e.\am|)le of this state of things is fiirnislied hy rimmo, Ik, /ihora 
a well-known parasite of eahhages, turnips, etc., in which 
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7<’--('rtniotc-tornmtioii and syiigainy in Plmmodiophom hrasskw.. A Normal 
tho nnoV'’ ^ ‘"r i|‘yxama*biu ; B, (J, extrusion of chromidia from 

.1 karyokiiicsis (lirst reducing divi.sion) ; 

>. nuclei after reduction ; formation of gametes which are fusing in iiairs • 
(Wte) containing two nuclei, one of which is going through a 
iither leduction-di vision ; //, fusion of the two pronuchi within the siuire • 
\ «y«J^a>y«n and two cciitriolcs. After Prowazek (127)’ 
magnihcd about 2,250 diameters. ^ 


It produces a disease known as “ fingers and toes ” (Kohllu'inic^). 
According to the investigations of Prowazidc (127) and others, 
/ lammdiophora goes through a development which may be bri(*fiy 
summarized as follows : At the end of the “ vegetative ” period of 
^u'owth and multiplication, there are found within the cells of the 
infected plant a number of “ myxamceb.ai,” anueboid individuals 
Plasmodia) each with many nuclei containing distinct karyosomes 
^ ig. 76, A). From the nuclei chromidia are given oil into the cell, 
nid during this process the karyosomes disappear and centro somes 
nake their appearance (Fig. 76, /?, G). The chromidia are ab- 
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sorbed and disappear, and tlie nnelei divid(‘ twice by karyokinesis 
(Fig. 70, I)), so iiiat th(*ir nunibcr is (piadiupled. The niyxain(el>a 
tluai undergoes multiple fission into as many cells as tliei’c arc 
nuclei in the plasmodinm (Fig. 70, F), and each of these cells is a 
gamete. The gametes now conjugate in pairs, and the zygotes 
b(;com(i encysted to form the spor(\s. Within the spores the nuclei 
of the gametes are stated to undergo a further lorocess of reduction 
before they fuse to form the synkaryon (Fig. 70, 6^). The syngamy 
in Plasm, odio'phora is stated to be a case of autogamy, i)ut this 
allegation assumes that the nuclei of the myxamcebie are sistf'r- 
nuclei derived all from the division of one original nucleus ; they 
may equally well be nuclei of dilTcrcnt origins brought together by 
jdastogamic fusions. 

The two (‘xamples selected, Arcdla and PlasmodiopJtora, show 
that the chromidia may represent generative chromatin in one 
case, vegetative in another. Goldschmidt (57) has pro]:>osed to 
distinguish these two conditions by a special terminology, retaining 
the name “ chromidia ” (trophochromidia, Mesnil, 74) for those which 
arc purely vegetative, and coining a new term, sporelia (idio- 
chromidia, Mesnil) for those of generative nature. It is more; 
convenient, however, to retain tlie term “ (Oiromidia ” in its 
original significance, to denote simply e.xtranuck'ar particles of 
chromatin, and to qualify the term by the adjectiv(‘s “ vegetative; ” 
and “ g(‘nerativc ” when required (see also Goldschmidt, 41, p. 130). 

J he formation of vegetative chromidia, which are finally absorbed, 
is a common phenomenon in many Protozoa ; it may take place 
as a purely regulative; process, as in Aclinosphceriiwi during de- 
piession-periods (p. 208), wh(;n hypertrophy of the nuclear a])])aratus 
is corn'cted by the extrusion from the nuclei of chromidia, which 
ultiniatedy degenerate and become converted into masses of pig- 
ment, and as such are eliminated from the protoplasm. 

llio .account given by Butt (103) of ganioto-formation in the common 
1 elomyxa {Aincebma nuda, p. 227) doscribos a condition in which chromidia, 
oxlrudod from the nuclei, are partly vegetative, partly generative ; secondary 
nuclei are formed from them, which later cast out a portion of their chromatin, 
then give rise to the gamete -nuclei. After the secondary nuclei have been 
purjfied in this way of (heir vegetative cliroinatin, the generative chromatin 
remaining in each of (hem forms a karyokinetie spindle with eight chromo- 
somes and a reducing division follows by which each daughter-nucleus obtains 
four chroinosoines. The “ proruiclei of the first order,” resulting from the 
first reducing division, divide again, forming a spindle wit h four chromosomes 
which split, so that the “ pronuelci of the second order ” liave also four cliro- 
mosomes. From the nuclei that have undergone reduction in this manner 
the nuclei of the gametes arise in a somewhat remarkable fashion : the pro- 
nuclei of the second order separate into two compact masses of chromatin ; 
a vacuole is formed near them ; and the chromatin of the two masses wanders' 
m the form of finely-divided granules, into the vacuole to form the definitive 
pronucleus of the gamete, which forms a membrane when the process is 
complete. When formed the gametes wander out as Heliozoon-liko indi- 
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viduals, which copulate in pairs, and the uninucloato zygoto grows up into ilio 
inultinucloato Pdomyxa. 

The conception of vegetative and generative chromidia has not Ikhui 
accepted universally or without criticism. Hartmann, as poiutcid out abov(\ 
considers that many Ciises of generative chromidia are really the result of a 
disruption of a polyonergid nucleus; Aweriiizow(47) is of opinion that, while 
all Protozoa possess vegcitative chromidia at sotho stag(^ at h^ist in the life- 
cycle, genorativo chromidia are to bo considered as a new acquisit ion, a hasten- 
ing of the process of the formation of numerous gamete-nuchu ; Dobell (51) 
{)uts forward a similar view with regard to generative (^liromidia. With 
regard to the latter crit icism, it may bo pointed out t hat niujlei may become 
resolved into chromidia in order to undergo simple binary lission. With 
regard to Hartmann’s view, there is at present, at least, little evidence (hat 
it is an adequate explanation of the many cases of formation of secondai'y 
generative nuclei from chromidia known amongst the tSarcodina. The ([ues- 
tion is discussed further below (p. 25.5). 

2. Syn(j(uny and Reduction with Nuclei only, — ^A very simple 
example is furnished by the common Actvmphrys sol (Fig. 71), as 
described by Schaudinn (129). Conjugation takes place between 
two adult forms (macrogamy), which come together and become 
enclosed in a common cyst. The nucleus of each individual then 
divides by karyokinesis, and one nucleus of the pair thus produced 
is expelled from the body and undergoes degeneration as a rt'duction 
nucleus. The persistent nucleus of each individual theJi nqx'ats 
the process and forms a second reduction-nucleus, llu; nucleus 
now remaining in each cell is the definitive pronucleus. The two 
gametes now copulate, their pronuclei fusing to f(n'm the synkaryon, 
after which the synkaryon divides by karyokinesis and the zygoto 
divides into two individuals which later escape from the cyst and 
resume the free-living vegetative life. The course of syngarny in 
Actinophrys is exactly similar to that pcrforim^l by tlie two 

secondary cysts ” derived from division of a primary cyst in 
Actinosphceriu 7 n (see p. 138, supra). In both cases alike the nucleus 
of the conjugants may be supposed to contain both vegetative 
and generative chromatin mixed together. It is possilde that tlie 
vegetative chromatin is extruded from the nucleus in the form of 
chromidia prior to the reducing divisions, but no elimination of 
vegetative substance has been described. 

The last example of syngarny in Protozoa that iiced b(i con- 
sidered specially at this point is that of the Infusoria, which have 
been the subject of numerous investigations. These organisms 
present the highest degree of specialization of the body-structure 
and elaboration of the nuclear apparatus found in any Protozoa. 
Their syngamic processes vary in detail to some extent in dilTerent 
cases (see p. 448), but the whole process is essentially as follows 
(Fig. 77) : Two individuals come together and adhere, placing 
themselves side by side. The two conjugants may be similar in 
visible constitution, or may differ to a greater or less extent, and 



152 


THE PROTOZOA 



“'■“"''"S the successive stages of conjugation in Infusoria 

conjng.i.t ^ two’mion>ni,drS".re wjlmirjtfXiAX"®'; t Xk 

.Cu, !raxrrM„“"ii ss,“,‘” fn“'* ■"''' 
r.r4.to7SE “s 

S5?:s^“S?=n 'f 



SYNGAMY AND SEX IN* THE PROTOZOA 


153 


are sometimes markedly different in size (DolU'in, 111). The 
greatest amount of differentiation is seen in tlie ordei* Periti iclia 
(p. 448), where microconjiigants and niacroconjugants can l)e dis- 
tinguished. Each conjugant has a micronucleus and a macro- 
nucleus. The macronucleus begins to degeiK'rate, and finally dis- 
appears completely. The micronucleus, on the otlu'r hand, (‘ii- 
larges and divides by a simple form of karyokinesis (see p. 114, 
su]yra). The division of the micronucleus is re])eated twice as 
a rule, but sometimes three times, and, as stabxl above, in one of 
these divisions the number of chromosomes is halved in a great 
many, possibly in all, cases. Of the four (or eight) micronuckfi 
thus formed, all but one represent reduction-nuclei which are 
absorbed and disa])pear. The persistent micronucleus then divides 
by equating division into two pronuclei, which may be distinguished 
as migratory and stationary, res])ectively ; they sometimes exhibit 
distinct structural differentiation. At this juncture the cuticle 
of each conjugant is absorbed at the ])oint of contact, and tlu^ 
migratory pronucleus of each conjugant i)asses over into the 
protoplasm of the other and fuses with its stationary pronucleus. 
The gap in the cuticle is now r(‘paired and the two individuals 
separate, each “ ex-eonjugant ” having a synkaryon constituted 
by a fusion of one-eighth (or one-sixteenth) of its own original 
micronucleus with the sanu5 fraction of the mi(;ronucleus of th(^ 
other partner. The synkaryon grows and divides into two nuclei, 
one of which grows and becomes the macronucleus, while the otlu'r 
remains small and becomes the micronucleus, of the ex-conjugant, 
which thereby becomes indistinguishable from an ordinary in- 
dividual of th(5 species, and proceeds to start on a course of V(‘g(‘ta- 
tive growth and reproduction in the usual manner, until the Jiext 
act of syngamy initiates a fresh cycle. It has been observed that 
the two ex-conjugants sometimes differ markedly in their capacities, 
one of them multiplying much faster than tin? other. 

In the syngamy of Ciliata it is seen clearly that the macronuckms 
represents effete vegetative or “ somatic ” chromatin, which is 
eliminated bodily from the life-history of the organism, whil(> the 
micronucleus represents reserve generative chromatin from which, 
after reduction, the entire nuclear apparatus is regenerated. Ihe 
remarkable feature in the syngamy of Infusoria is the maniKu* 
in which the conjugants remain distinct, and merely exchange 
pronuclei (so-called “partial karyogamy ”). Versluys (137), 
following Boveri, derives this from an ancestral condition of iso- 
gamic copulation — that is to say, a condition in which the two 
conjugants fused completely as gametes, both body and nucleus, 
after which the zygote divided into two individuals ; on this view 
the final division of the micronucleus which gives rise to the two 
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pronuclei is to bo regarded as the equivalent of the division of 
the synkaryon which took plact; ancestrally after syngamy. While, 
however, there is a general agreement that partial karyogamy 
(conjugation) is to be derived from total karyogamy (copulation), 
it is very doubtful if tlui two conjugants in Infusoria represent 
simple gaiiK^tes ; it is more ])robable that the typi^ of syngamy 
characteristic of Infusoria is derived from an ancestral condition 
in which each conjugant produced a number of minute gametes 
(swarm-spores) which co])ulated (compare especially PopolT, 125, 
and Hartmann, I lb, and see p. 453, iiijra). On this view the 
divisions of the micronucleus reipresent a ]wimitively much larger 
number of divisions which produced the numerous gametes, and 
the conjugants themselves arc not to be regard(xl as true gametes, 
but I’atlier as gametocytes or gamonts. 

Having now illustrated by typical examples the various forms 
which the syngamic process takes in Protozoa, we may conclude 
this chapter by a consideration, necessarily britd, of the problem 
of the significance and origin of syngamy and sex. This is a 
problem which has a vast literature, and it is only possible here to 
indicate in outline some of the theories that have been put forward, 
none of which can claim to be a conqilcte solution of one of the 
profoundest mysteries of the living substance and its activities. 

Considering first tho fertilization of the Metazoa, it is evident 
that the union of the spermatozoon with the ovum has two prin- 
cipal results. In the first place tho spermatozoon brings with it 
a pronucleus, the equivalent of that contained in the ovum, but 
derived from a distinct individual, and therefore pbssessing different 
liereditary tendencies acquired from its own particular ancestral 
history. The union of the male and female pronuclei brings about, 
therefore^ a process for which Weismann luis coined the term amphi- 
mixis — that is to say, a mingling of different hereditary tendencies 
in one and the same individual. In the sc^cond place the spermato- 
zoon produces a result which may be termed briefly “ developmental 
stimulus ” (Entwicklungserregung) — that is to say, it produces 
a disturbance in the equilibrium of the protoplasmic body of the 
ovum which causes it to start on a course of cell-division oft-re- 
peated, a process of cleavage which converts the unicellular ovum 
into the mass of cells which supplies the material for the building 
up of the multicellular body. It is very probable that the develop- 
mental stimulus is supplied by the greatly-developed centrosome 
of the spermatozoon, that of the ovum having completely atrophied, 
apparently, after the completion of its maturative processes. 

The introduction of a male pronucleus — that is to say, the process 
of amphimixis — can be effected only by the spermatozoon. But 
the researches of Loeb and others have demonstrated fully that the 
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.sjK'rmatozoon is not indisponsablo for sujjplyin^ a {U'Y('lopiiu'ntal 
stimulus ; an iinfortilizod ovum can be induced l)y artificial stimuli 
of various kinds to start upon a course of dev('loj)meut similar to 
that initiated, under natural circumstances, l)y b'ltilization with 
a spermatozoon. H (uiee, of the two r(‘sults prodmaal in tlu^ fertiliza- 
tion of Metazoa, amphimixis alone would appear to be that whic^h is 
essential and peculiar in the process, and which only f(Ttilizatioji 
can bring about. 

Erom the abov(i consichu'ations, amphimixis is r(‘gard('d ])y many 
thinkers as the essence of syngamy, a necessity for the (^volution 
of living beings in that it supplies, by the intermingling of dilTerent 
hereditary tendencies, the conditions required for the production 
of “ innate ” variations in organisms in which the germinal substance 
is shielded from the direct influence of external conditions by its 
position within a multicellular body. Apart from tlu^ (question, 
however, wdietlu'r any such innate variations exist in the Protozoa, 
where all ccdls alike ar(^ exposed equally to the direct action of tlui 
('iivironment, the criticism has often been made that amphimixis 
gives only a teleological explanation of the sexual process, and as 
such cannot be invoked as a causal explanation of its origin. The; 
iiib'rmitigling of disthict hereditary tendencies, howeV('r us(‘ful to 
the organism or important in the evolution of living beings g(>iicrally, 
cannot be regarded as the incentive to syngamy at its first appe^ar- 
ance in tin; Protista. In other words, amphimixis must be n'garded 
as a secondary consequence, not as a primary cause, of syjigamy. 

It is necessary, therefore, to seek some explanation for the 
first origin of syngamy other than the benefits which it may confer 
through amphimixis, and it is undoubtedly amojig Protist organisms 
that the conditions under wdiich syngamy first arose must be 
sought. It has been pointed out above that syiigamy appears to 
have a strengthening or recuperating effect upon the cell-organism, 
and upon such grounds has been fouiuh'd the theory of ‘‘icjuviui- 
escence ” (Verjiingung). According to this tlu'ory, connect'd 
chiefly with the name of Maupas, the cell-protoplasm, afbu’ many 
generations of reproduction by fission, tends to beconu^ eff(!te and 
senile to an ever - ima’c^asing degree, a condition which, if not 
remedied, ends in the death of the organism ; the natural rcnK'dy 
is furnished, however, by the process of syngamy, which has tlu; 
effect of renewing tin; “ youth ’ of the cell and starting it upon 
a fresh scries of gcan'rations, until senility, once more supervcaiing, 
necessitates syngamy again. 

The rejuvenescence- theory has been criticized by many critics 
who have themselves done little more, in some cases, than give a 
more precise meaning to the terms “ youth ” and “ old age,” 
terms that certainly stand in need of further explanation, since 
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it can hardly be supposed that the time-factor alone can account 
for the (exhaustion or depression of the vital faculties. It is gener- 
ally admitted that unicellular organisms, such as tlie Protozoa, 
tend, after a greater or less number of generations, to exhibit a 
certain degree of exhaustion in their vital properties, or, it may be, 
of derangement in their organization and vital mechanisms. Hert- 
wig (164) is of opinion that “ the conditions of death exist in the 
living substance from the beginning, and are a necessary conse- 
quence of its vital function ” — a generalization which may be 
accepted for those Protista in which the body exhibits the degree of 
specialization and structural complication proper to a true cell 
(a^s the term is understood in this book — see p. 98) ; but it is very 
doubtful if it is tiue also for the simplest forms of life, such as the 
bacteria and allied organisms. If it be further admitted that 
syngarny is the natural remedy in unicellular organisms for a natural 
disease, the problem before us is to discover, if possible, the precise 
nature of the derangements, and of the method by which the 
remedy restores them to the normal functional condition. 

At the outset, attention must be drawn to a very constant and 
general |)reliminary to syngarny in Protozoa — namely, the elimina- 
tion of a large amount of chromatin which appears to have been 
regulating the vital activitu^s during ])revious generations (vegeta- 
tive chromatin), and its replacement by chromatin which has been 
inactive and lying in res(U*ve (generative chromatin). This process 
is setMi in its most striking form in tlu^ Ciliata, where the macro- 
nucleus is entirely eliminated during the act of syngarny, and is 
replaced in subsequent generations by a new macronucleus derived 
from the micronucleus formed by fusion of portions of the micro- 
nuclei of thc! partners in syngarny. Henecj it might seem as 
if the chief r(\sult of syngarny was to replace elfete vegetative 
chromatin by fresh generative substance which through inactivity 
has retained its powers unimpaired. But in the first place it must 
be pointed out that, to effect a replacement of this kind, the union 
of two individuals is not necessary ; it would be sufficient for a 
single individual to form a new nucleus from its store of generative 
chromatin, and to get rid of its old, effete vegetative chromatin. 
If we regard the chromidia of Arcella as composed of generative 
chromatin, the buds produced by formation of secondary nuclei 
from the chromidia would represent nuclear regeneration of this 
kind. Secondly, it is open to doubt how far the theory of vegeta- 
tive and generative chromatin can be applied throughout the whole 
series. In such forms as Arcella the chromidial mass, although it 
furnishes the gamete-nuclei, is a cell-element in a functional con- 
dition, and in the more primitive forms the distinction between 
vegetative and generative chromatin cannot be pressed so far as 
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in highly-organized forms, such as the Ciliata. Ih'rtwig (08) con- 
siders that the separation of two kinds of cliroinatin is an adaptation 
to particular conditions of life, evolved progressively, and attaining 
its greatest perfection in the Ciliata ; whereby chromatin whicli 
has become functionally effete is separated from that which has 
retained its constitution. 

According to the view put forward by Hertwig (118), syngamy 
nmiedies the effete condition of the cell chiefly by regulating the 
necessary quantitative balanee between the nuckms and the e.yto- 
plasm. 8uch regulation may be effected also by inb'nial n*- 
arrangements of the nuclear sul)stance or by plastogarny, but is 
brought about most efficiently by syngamy, since the definite and 
necessary mutual relations between nucleus and cytoplasm arc 
better maintained by “ arrangements which prevent disturbance, 
than by arrangements which compensate for disturbances that 
have already set in.” The obvious criticism of this theory is that 
it is difficult to understand why an internal regulative process of 
the cell should require the co-operation of two individuals, and the 
reason contained in the sentence just quoted from Hertwig scarcely 
seems an adequate explanation. 

The fact that two cells participate in syngamy indicates in itself 
that the necessity for syngamy depends on a loss of balance between 
two constituents or substances in the cell, and that the union of 
the two gametes restores equilibrium. As Hertwig (110) has 
pointed out, the quantitative relation of nucleus to cytoplasm is 
more altered in the gametes of Metazoa than in any other cells, 
and to opposite extremes in the two sexes ; in the ovum the quantity 
of cytoplasm is enormous in proportion to the nucleus, while in 
the spermatozoon the exact reverse is the case. The same argu- 
ment applies to a greater or less degree in the case of anisogarnous 
gametes of Protozoa. It would not, however, apply to the many 
cases of isogamy in Protozoa where the quantitative relations of 
nucleus and cytoplasm are the same in each gamete ; in such cases 
union of the gametes would leave the nucleo-cytoplasmic relation 
exactly what it was before. 

A theory of a different kind has been put forward by Schaudinn 
(133) and his followers Prowazek (128) and Hartmann (110), 
which is based on the notion that sex and sexual differentiation 
are primary characteristics of living matter. A normally function- 
ing cell is regarded as hermaphrodite, having male and female 
elements equally balanced. The differentiation which leads to 
the formation of gametes arises, as BUtschli originally suggested, 
from inequalities in the results of cell-division, which may be 
supposed to lead always to more or less imperfect partition of the 
qualities of the parent-cell between the daughter-cells. As a result 
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of the defects in the process of cell-division, some cells acquire more 
“ male ” properties, other more “ female ” ; the cells preponder- 
atingly male show greater kinetic and motile energy, thos(i that 
have more female qualities show greater trophic activity. With con - 
tinned cell-division these opposite tendencies tend to accumulate in 
certain cells which in consequence become altogether one-sided in 
their vital activities. Thus a want of balance in the vital functions 
is brought about, which may reach such a pitch that the organism is 
unabk^ to continue to assimilate and reproduce, and must die unless 
the ])alance is resorted by syngamy with an individual that has become 
specialized in the opposite direction. By the union of two ganudes 
differentiated in this manner, equilibrium is restored and the vital 
functions arc rcinvigorated. No gametes, however, whatever their 
degree of specialization, are to be considered as perfectly unisexual, 
but only relatively so ; a male gamete will always contain a certain 
amount of female substance, and a female gamete a certain amount 
of male substance, thus accounting for the possibility of partheno- 
genesis. Schaudinn’s theory of sex is thus very similar to that 
developed by Weininger on purely psychological grounds. 

Schaudinn, whose work on Protozoa must secure full considera- 
tion for any statement of his observations, however inherently 
improbable the facts or the interpretations based upon them may 
seem, founded his theory chiefly on data alleged to have been 
observed by him in the development of Trypanosoma noctuce (Schau- 
dinn, 132). According to him, an “ indifferent ’’ ookinete might 
give rise either to male or female forms. In the formation of males, 
certain nuclear elements were separated out to become those of 
the daughter-cells, while certain other nuclear elements remained 
behind and degenerated together with a quantity of residual 
protoplasm. In the formation of females, the same two sets of 
nuclear structures were separated out, but those proper to the 
male sex degenerated, while those of the female sex, which were 
just those which degenerated in the formation of males, in this 
case persist and become the nucleus of the female gamete. Thus 
the indifferent ookinete was supposed to be really hermaphrodite, 
containing male and female elements mixed together, and giving 
rise to individuals of one or the other sex by persistence of one set 
of characters and atrophy of the other. It must be noted here 
that these observations of Schaudinn’s are entirely unconfirmed, 
nothing similar having as yet been found by other investigators, 
either in trypanosomes or in any other Protozoa ; and further that, 
even if Schaudinn’s observations bo accepted as exact in every detail, 
they will not bear the interpretations which he places upon them — 
namely, that the small and large forms produced as he describes 
are males and females, since, as he himself admits, they do not, 
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when developed, perform any act of syngamy. The alleged 
sexuality of the forms described by Schaudinn lacks the only de- 
cisive criterion of sexual differentiation~nam(;ly, st'xual behaviour ; 
and the differentiation exhibited by the two forms of trypanosomes 
described by Schaudinn admits of an entirely different and far l(‘ss 
forced interpretation (see p. 176, injra). 

There are tw o further crituusms that may be made of S(*liaud inn’s 
theory. The first concerns the alleged universality of sexual 
difference's in living matter. It must bo pointed out that, as stated 
above, at the ])resent tim(> w^e have no evidence whab'ver of the 
occurrence of true syngamy in any organisms of tlu^ bacterial 
grade. The processes that have been interpreted by Scliaudinn 
as autogamy in certain bacteria may be much more easily regarded 
as processes of internal regulation of the chromatin-substance. 
Nowhere yet has the union of two distinct gametes been observed 
in any bacterial organisms. The theory that sex is a universal 
characteristic, and syngamy an elementary function, of living things, 
does not rest at the present time on any basis of established fact. 

The second criticism is that the terms “ male ” and “ female ” 
require definition and explanation, without which they remain 
meaningless, connoting merely unknown, mystic propc^rties, not 
further analyzable, of the living substance. The characteristic 
feature exhibited by male cells is the preponderance of kinetic 
activity, and by female cells, of trophic functions, as Schaudinn and 
many others have pointed out. Before Schaudinn, the same idea 
was expressed in different language by Geddes and Thomson (114), 
who regarded the male sex as characterized by katabolic, the 
female sex by anabolic activities. It we suppose that these two 
manifestations of physiological activity have each a distinct material 
basis in the living cell, then it can easily be imagined that the 
imperfections of cell-division may lead to the production of cells 
in which one or the other substance predominates. Tliis is the 
view that Doflein (7) has developed in his very interesting critical 
summary of the views that have been put forward upon the sexual 
problem. He supposes, further, that these two different physio- 
logical qualities depend upon substances which have intense mutual 
interactions and attract each other strongly, and that a certain 
equilibrium between them is necessary for the normal life of the 
cell. When, therefore, one or the other substance preponderates 
greatly in a cell, a functional derangement results ; but since cells 
differentiated in opposite directions attract each other strongly, 
they tend to unite, and by their union to restore equilibrium. 

The question of the sexual differentiation of the gametes is one 
that will be discussed at greater length in the next chapter. It is 
only necessary to point out here that a clear distinction must be 
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drawn between intrinsic differences, not necessarily visible, and 
structural or other differences whiclv are more or less obvious. 
The fact that gametes and pronuclei tend to unite proves that in 
all cases there must be intrinsic differences between them which 
stimulate them to do so ; in this sense, at least, we may endorse 
fully the dictum of Hcutwig, that ‘‘ fertilization depends on a 
fusion of S(‘xually-differ{‘ntiated c(‘ll-nuclei.” On the other hand, 
gametes of opposite sexes exhibit every possible condition from 
comph'te similarity in structure and appearance to the greatest 
possible contrast in every feature of their organization. TIutc 
can be no doubt that visible differentiation of the gametes is 
largely, if not entirely, an adaptation to the functions that they 
have to perform ; and this conclusion is by no means weakened 
by the fact that tluTe arc many cases of isogamy which are un- 
doubtedly secondary, in which a more primitive and phylogeneti- 
cally older structural differentiation has gradually become annulled, 
under circumstances in which adaptive differences in the gametes 
are no longer necessary — as, for example, in gri'garines (p. 173). 

In Metazoa it is generally recognized that the two pronuclei 
that undergo fusion are perfectly equivalent,* and that the dif- 
ferences seen between them in the gametes are temporary and, in 
the case of the spermatozoon, an adaptation to circumstanc(^s ; here 
the real differentiation of the gametes affcscts only cytoplasmic 
cliaracters. In Protozoa, on the other hand, the conjugating 
pronuclei often exliibit differences of structure when the cells 
themselves appear perfectly similar. In the Infusoria, for instance, 
differences have been noted between the migratory and stationary 
pronuclei ; how far these differences may bo correlated directly with 
the differences in their activities must remain an open question. . 

In the foregoing paragraphs we have set forth and discussed 
some of the attempts that have been made to solve the problem 
of sex. It cannot be said that a perfectly satisfactory solution 
has been attained, but at least certain conditions of the problem 
may be laid down. In the first place, no theory of sex is satis- 
factory which does not explain why the union of two cells should 
be lU'cessary in syngamy. In the second place a teleological inter- 
pretation, such as amphimixis, can only state a secondary con- 
sequence, not a primary cause, of sexual union ; but such a 
consequence may suffice to explain the retention and persistence 
of sexual phenomena after the conditions have ceased to exist under 
which they came into existence. 

In the simplest Protista of the bacterial grade, it may be supposed, 
either that the living matter is not differentiated into localized 
substances having distinct physiological qualities, or that in such 

* Apart, that is to say, from the muoh-disoussed question of the sui)emumerary 
chromosome. 
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minute bodies reproduction by fission does not produce diil'ereutia- 
tion in the fiasion-])roducts. With increased size such dif'fert'uees 
may arise, at first to a minor extent, and capable of being adjusted 
by internal rearrangements of tlie living substance such as have 
been described in the larger Bacteria. Not until the process of 
natural evolution had gone so far as to produce the full complica- 
tion of structure seen in a true cell would localized dilTcrences in 
the living substance be brought about to a sufficient extent to 
lead to differences between the daughter-cells produced by fission, 
as a consequence of the imperfections of the process of cell-division. 
The differences produced in this way might be changes in the 
nucleo-cytoplasmic balance, as Hertwig supposes, or in the relative 
proportions of substances exerting different physiological activity's, 
as sugg(\sted by Biitschli, Geddes and Thomson, JSchaudinn and 
Doflein, or possibly of all these and other changes yet unknown. 
In any case it is reasonable to suppose that the imperfect cliaractcu’ 
of the primitive types of cell-division, described in the last chapter, 
might produce accumulated material or structural inequalities in 
the daughter-cells, such as could only be rectified by the union of 
two cells differentiated in opposite directions, thus making syngamy 
a necessity for the continued existence of the species. This theory 
(jxplains the necessity for syngamy recurring with greater fre(pioncy 
in forms having a high degree of structural differentiation than in 
forms of a primitive and simple type of organization. 

With increasing perfection in the process of the division of the 
c(;ll, and especially of the nucleus, the primary cause of, or necessity 
for, syngamy might be expected to disappear ; but at this stage in 
evolution other benefits to the species consequent on the process 
of' amphimixis might be a sufficient cause for the retention of 
a process already well established. This conclusion appears to 
receive some support from the fact that intensive culture, whetlKu* 
artificial, or natural as in parasitism, seems to diminish the necessity 
for syngamy. It can hardly be supposed that intensive culture 
can diminish consequences arising from defective cell-division ; but 
it might conceivably produce a strengthening effeet equal to, and 
capable of supplanting, the benefits derived from ampliimixis. 
Emiques (lid) has stated that in Infusoria cx-conjugants may 
proceed to conjugation again, so that between one act of syngamy 
and the next there may not be a single cell-division intervening. 
In this case neither cell-division nor any consc(j[uences of cell- 
division can be the factor bringing about sexual union, but some other 
explaniktion must be sought. Enriques considers that the function 
of syngamy in Infusoria is to maintain the fixity of the species. 

Bibliography . — ^For references see p. 479. 
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CHAPTER IX 

POLYMORPHISM AND LIFE-CYCLES OF THE PROTOZOA 

A. Polymorphism. 

One of tlic most striking peculiarities of living beings is the infinite 
variety of form, structure, and a])pcarance, which they present. 
Ihere is, jx'rhaps, no living individual of any kind which is exactly 
similar, in all respects, to any other. Nevertheless, the most 
uncultured intellect cannot fail to recognize that, in the case of 
all Oldinary, familiar plants and animals there is a pronounced 
tendency to segregation into distinct kinds or species — that is to 
say, natural groups of individuals which, though they may vary 
gieatly amongst themselves, yet resemble one anothen* far more 
than they do the individuals of another species. It is not necessary 
to point out that species are not to be regarded as jiermanent or 
immutable entities. It is certain that a species may in course 
of time become modified so as to acquire characters different from 
those it originally possessed, thus giving rise to a new species, or 
that a single parent-species may become split up into a number of 
gioups which, by a similar process of modification, became so many 
daugliter-species differing from one another and from the parent- 
sjiecies to a greater or less degree. The problem of the origin of 
species is one that it is not necessary to discuss here ; it is sufficient 
to point out that the mutability of species often makes it very 
difficult to define or delimit a given species exactly, of which a 
striking example is seen in the pathogenic trypanosomes of the 
group, probably to be regarded, as pomted out above 
(p. 27), as instances of species in an incipient or nascent condition, 
borne species are sharply marked off from others, some are much 
less so, and some arc of questionable rank, regarded by one naturalist 
as distinct, by another as mere races or varieties — a state of things 
perfectly intelligible if existing species are regarded as having 
arisen by descent, with modification, from pre-existing species. 

In the Protozoa the existence of distinct species is just as marked 
as in the higher plants and animals, and is universally recognized. 
As has been pointed out in the previous chapter, it is probably 
syngamy which is responsible for the segregation of individuals 
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into species, by blending the divergent charactc'rs that may l)u 
supposed to arise from the influence of difTerent conditions or 
circumstances of life. Thus, syngamy in unicellular organisms 
appears to have an effect which is the opposite, to a large cxb'iit, 
to that which it produces in multicellular organisms, in which there, 
arc special g(vrm-cells, sheltered to a greater or less d(‘gre(! from 
the direct influence of the environment, and in which amphimixis 
appears rather to be a means by which variations arise. 

The conception of a species is by no means incompatible with the 
occurrence of a number of distinct forms in its life-history. Taking 
well-known instances from the Metazoa, there may be, in the first 
place, ontogenetic or developmental differences ; not only may the 
individuals of the same species differ in size at different periods in 
the developiiumt, but they may differ so greatly in appearance^ and 
structure that only a knowledge of the life-history enables us to 
assert that they belong to the same species — as, for exampk^ a 
caterpillar and a butterfly, or a hydroid and a medusa. Secondly, 
the adult individuals may differ to an enormous extent in the two 
sexes. Thirdly, there may be in many cases differences between 
individuals of a species related to differences hi the functions which 
th(;y perform, not merely at successive phases in the lifeehistory, 
as in some cases of ontogenetic differentiation already mentioned, 
but even at corresponding phases of the life-history — a phenoimmon 
best seen in social or colony-forming organisms, as in the case of 
ants and termites, or in the colonies of Hydrozoa. 

In Protozoa, similarly, a given species may show distinct phases 
or forms at different or corresponding periods of its life-history to 
a greater or less extent. In some species the form-changes are very 
slight, and the individuals occur always under a similar form and 
aspect, at least during the active state, and are therefore recog- 
nizable without difficulty as regards their specific identity ; such 
forms may be termed monomoryhic, and as examples the species 
of ciliate Infusoria can be cited. Other Protozoa, on the other hand, 
are extremely polymorphic — that is to say, they occur under a 
variety of widely-differing forms at different stages in the life-cycle 
or in response to variations in the conditions of life. H(*nce it is 
often difficult or impossible to refer a given form to its proper 
species without tracing out its life-history and following its develop- 
ment step by step. The unravelling of the complicated life-cycles 
of Protozoa is attended by far gr(?ater difficulties than in Metazoa, 
since one important criterion fails us altogether in the Protozoa, 
that, namely, of sexual maturity. A naturalist has no hesitation 
in pronouncing a trochophore to be a larval form, and a rotifer to 
be an adult organism, from the fact that the former is sexually 
immature, while the latter produces ripe generative eclls. In the 
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Protozoa, however, there is no visible criterion of any similar state 
of maturity or the opposite which might be a guide in estimating 
the significance of a particular form. It is ccrtahi that with in- 
creasing knowledge many species of Protozoa now regarded as 
distinct will prove to be developmental stages of others, as has 
happened so frequently in the case of Metazoa. 

The polymorphism of the Protozoa may be related directly or 
indirectly to a variety of causes. Avhich may be grouped generally 
under three headings — life-conditions, growth and development of 
the individual, and sex. 

1. PohpYWTfhum in Relation to the Conditions of Life . — ^Under 
this heading are included all those eases where the individual is 
forced to adapt itself to inevitable changes in the environment, 
or else succumb to their elfects ; hence this type of polymorphism 
may be termed briefly adaptive. The animal may adapt itself to 
such changes in one or the other of two ways : passively, by passing 
into a resting state, in which vital activities are temporarily sus- 
pended ; or actively, by changes of form, structure, and function, 
adapted to the changed conditions. 

Methods of passive adaptation to unfavourable conditions occur 
probably in all Protozoa — perhaps it might be said iii all Protista, 
so that no species can be said to be absolutely monomorplik^. The 
commonest form of such adaptation is the process of encystment, 
whereby the organism protects itself by secreting a firm, resistant 
envelope, or cyst, round its body. 

The first preliminary to encystment in Protozoa is usually a 
rounding olf of the body-form. In the case of naked ammboid 
forms such a change of form follows naturally, as pointed out 
above, from cessation of the locomotor activity. It is, however, 
also observed that a similar change takes place in corticate forms, 
a phenomenon which indicates that the cuticle or cortex must be 
absorbed or softened, and that any internal form-giving elements 
must be dissolved, so that the protoplasm is free to conform to 
the natural physical tendencies of a fluid body. In the great 
majority of cases, an individual in process of encystment becomes 
perfectly spherical, whatever may have been the form of its body 
in the active state, but in some cases the spherical form is not fully 
attained, and the body becomes ovoid or pear-shaped. During the 
process of rounding off, any food-particles or foreign bodies contained 
in the cytoplasm are rejected or absorbed, as a rule ; the contractile 
vacuoles, if there be any, cease to be formed and vanish ; and all 
locomotor organs, such as cilia, flagella, and of course pseudo- 
podia, are absorbed or cast off. At the same time the protoplasm 
of the organism becomes less fluid and more opaque, and usually 
diminishes appreciably in bulk, probably through loss of water ; it 
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thereby becomes denser in consistence, but of less specific gravity. 
Lastly, the cyst- membrane itself appears round the body, if it 
has not already done so ; it generally stands olf distinctly from the 
surface of the l)ody, and may vary in nature in dilTen'iit cases, 
from a soft, slimy or gelatinous coat to a firm mmnbrane of variables 
thi(!kness, oftiui exceedingly tough and impervious. 

In the encysted state, Protozoa are able to withstand the many 
vicissitudes to which they are naturally subject. They can then 
be drii'd up, frozen, or sun-baked ; and since the protoplasm beconu's 
much lighter, they can be transported great distances by winds, 
a fact which accounts for the appearance of Protozoa in infusions 
exposed to the air in any situation — a peculiarity from which the 
name Infusoria is derived. In general the. function of ('ncystnumt 
is to protect the organism against unfavourable conditions or viokmt 
changes in the environment — for instance, in freshwater forms, 
against drought and climate, the cold of winter or the heat of a 
tropical summer. In parasitic forms it is an adaptation commonly 
connected with a change from one liost to another. 

In parasites two types of cysts can be distinguished. In the 
first place, full-grown forms may produce relatively large, resistant 
cysts (Dauerzysten) of the ordinary type, almost invariably 
spheri(!al or ovoid in form. In the second place, the smallest forms 
in the developmental cycle, the jiroducts of multiple fission or 
“ sporulation,” may secrete round themselves tough, resistant 
envelopes, within which they may multiply further ; in this case 
the envelope is termed a sforocyst, and the entire body a 

* Tho word “ sporo ” has come to bo used in two distinct senses, as applied to 
Protozoa, thereby producing a regrettable confusion and ambiguity. Tlio word 
itself is (lerived from tho Creek <xir6pos, a seed, and was applied by botanists to 
those oases where plants produce sccd-liko bodies which are not true seeds ; for 
instance, tho seed of an ordinary flowering plant is a complete embryo, with root 
and shoot distinct, encapsuled in protective envelopes, but the “ seed ” of a 
is merely a single cell enclosed in a protective membrane. Consequently tho 
temi “ sporo ” was used to distinguish tho “ seeds ” of ferns, fungi, etc., from tho 
true seeds of flowering plants. 

It was observed at a very early period that many parasitic Protozoa produced 
minute seed-like bodies, which conveyed the infection ; for those of Myxosporidia 
Johannes Muller coined the term “ psorosperms,” but in general tho term “ spore ” 
was u.sed for these bodies, and the group in which tho production of such spores 
is a very characteristic feature was named the Sporozoa. 

With the progress of further investigation, it was found that in a great many 
cases the essential part of the spore — namely, the encapsuled protoplasmic body — 
arose by a process of multiple fission, hence termed “ sporulation, ’ from a larger 
parent-Dody ; consequently the term “ sporo ” has been used by many in a secon- 
dary sense to denote a minute germ formed by multiple fission, as in the merozoites 
of the malarial parasites. It is preferable to retain tho word “ spore ” in its 
original significance as a soed-liko Imdy contained in a resistant envelope or sporo- 
cyst, and to use tho word “ germ ” (equivalent to tho German word Kewi) for 
tho protoplasmic body formed by sporulation, whether enclosed in a sporocyst or 
not. Unfortunately tho wonl “ germ ” has become very much misu.sed in fKipular 
language, and a less ambiguous term would perhaps l)e tho word gymnospore for 
naked germs not enclosed in a protective envelope. 

There is no essential difference between a cyst and a sporo, except their relation 
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Sporooysts are often simply rounded or oval bodies, like cysts, 
but in some cases tliey exhibit sp{‘cial forms, and may be prolonged 
into spikes, tails, or processes of various kinds. 

In many easels the ])urely protective uses of the cyst may be 
combined with the; jxM’formance of some special function within it. 
The contained organism may remain merely in a lasting stat(^ 
within the cyst (hypnocyst) ; or it may utilize its leisure for the 
digestion of largt^ (pi antities of ingest(‘d food - matei-ial, or for 
carrying on processi^s of reproduction or syiigamy. As a process 
of similar nature to encystimmt, the formation of “ sclerotia ” in 
the Mycetozoa must be noted (see p. 240, infra). 

Active ada])tation to changed conditions is seen in those forms in 
which th(^ mode of life is bound up with change's of environment 
during dilfcrent periods of the lif(;-history — that is to say, more 
(‘Sjiecially in parasitic forms, in which a change of hosts is necessary 
for the continuance of the species. In such forms thewe are in 
general two functions for which provision must be made : tlu^ first 
is that of multiplying in the host itself and kec^ping up a stock of 
the parasites in it ; the second is that of infecting a new host sooner 
or later (s(x> p. 20, supra). In the most ])rimitivc type's of para- 
sitic Protozoa therc^ is no dilbwcntiation of form or structure corre- 
sponding to these two distinct functions ; but as a geiK'ral rule 
a giv('n jiarasite in a given host exhibits usually two forms or series 
of forms, which may lie termed “ multiplicative ” and “ propagative ” 
ix'spcctively (Dofh'in). Multiplicative forms may be Avanting in 
some cases, as in the Eugregarines, but propagative forms are 
always found, being an absolute necessity for the continuance of 
the spc'cics. 

As examples of multiplicative and propagative forms, we may 
consider first species which are parasitic only on a single host in 
the course of the entire life-cycle. A typical example is seen in 
Coccidium (p. 242, Fig. 152), in which adult forms, “schizonts,” 
multiply rapidly in the host by a process of multiple fission, “ schi- 
zogony,’’ a process which takes place unaccompanied by any sexual 
phenomena, and in which no resistant cysts are formed, since they 
are (piite unnec(*ssary. Sooner or lat(W, however, geiu'rations of 
individuals, “ sporonts,” appear which do not multiply like the 
schizonts, but which, as gametocytes, give rise to the gametes. After 
a process of syngamy the zygote forms a resistant cyst within 


to a (lovclopmental cycle ; the “ spores ” of Bacteria are for the most part simply 
cysts, but are called spores on account of their small size. 

In this book the word “spore,” when not qualified by any prefix, will be used 
tn denote a resi.stant seed-like body protected by a tough envelope, or sjiorocyst, 
and the ])roduction or development of such bodies will bo termed “ spore-forma- 
tion.” On the other hand, the production of numerous small cells or germs by 
multiple fission will bo termed “ sporulation.” 
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which it multiplies to form a number of germs, which may or may 
not be enclosed in sporocysis, in different species. Cysts and s])or('s 
pass out of the host, and do not develo]) further unh'ss tliey are 
devoured by a second host of a species in which they are al)l<‘ to 
establish themselves ; if this event takes place, th(' s])or(\s g(‘rmiuate 
in the new host and produce a fresh cycle of infc'ction, I'ach germ 
wIkmi set fn'c growing up into a sehizont. fn this ease it is seen 
that the sehizonts represent the multiplicativ(\ the spf)roiits the 
propagative, phases and that in the latter n'sistant cysts are ])ro- 
duee'd as a protection against the vieMssitudes of tlu^ out(‘r woi ld, 
to which the parasite must expose itsedf during this phase of its 
life-history. 

An example of a parasite whiedi infects two distinct species of 
hosts in the course of its life-history is furnished l)y the malarial 
])arasites (p. .‘160, Fig. 156). In this case there are first of all 
sehizonts which, like those of Coccidium, reproduce themselves by 
multijilc fission, this part of the life-cycle Ixung passed in the blood 
of a v(‘rtebrate host. Later, sporonts are gcfKU’ated which umhvr 
normal circumstances are inca])able of mull-iplication in the verte- 
brate host, or, indeed, of any further development, unless taken up 
by another host, in this case a mos(piito, which takes them from 
the vert(d)rat(; liost by sucking its blood. In fbe stomach of the 
new host the sporonts behave in a similar manner to fhosc^ of 
Coccidium — that is to say, they give rise as gamctocytes to gametes, 
which by syngamy produce zygotes. The zygot(^s grow and repro- 
duce tliemselves by multiple fission, forming an enormous number 
of minute germs or sporozoites, which do not develop furtlaw unless 
they pass from the mosquito back into the blood of a suitable 
vertebrate host, in wliich they start a fresh developmental cycle. 

The life-cycle of the malarial i)arasites shows that a given phase 
of a parasite is only to bo regarded as multiplicative or propagaf ive 
in relation to a particular host. In the vertebrate blood the 
schizont is the multiplicative, the sporont the propagative, phase. 
As soon, however, as the sporont passes into the mosquito, it becomes 
there the multiplicative phase which gives rise ultimately to the 
sporozoites, representing the propagative phase in the mosquito. 
The sporozoites in their turn, when they reach the blood of the 
vertebrate, develop there into sehizonts. Thus one and the same 
stage in the life-cycle represents one phase in one host and another 
in another, according to circumstances. It should be noted further 
that in the life-cycle of the malarial parasites resistant cysts arc 
unnecessary, since the parasite never comes out into the open, but 
passes the whole of its existence in one or the other of its two hosts ; 
consequently such cysts are not formed at any stage of the life- 
cycle in these forms. 
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Another example of a parasite with alternation of hosts, in which 
the course of events is different from that of the malarial parasites, 
is furnished by the species of the genus Aggregata (p. 353). Hero 
the schizonts arc parasitic in crabs, and reproduce themselves by 
multiple fission without cncystmcnt to form naked germs, mero- 
zoites, wlikih grow up into schizonts, and multiply again in the same 
way. If, liowcver, the crab is devoured by a Cephalopod, the 
merozoites adapt themselves to their new surroundings and become 
sporonts, which produce gametes. The zygotes form resistant 
cysts in which they multiply to form spores enclosed in tougli 
sporocysts. The resistant phases pass out of the Cephalopod in its 
faeces, and to develop further they must bo devoured by a crab, in 
which they become schizonts again. In this case there is no special 
differentiation of propagative phases in the crab, but the same 
stage can serve both functions ; on the other hand, in the 
Cephalopod there is no multiplicative phase, but only a propagative 
phase with resistant cysts. 

2. Polymorphism in Pdation to Growth mul Development of the 
Individual. — In Protozoa which multiply only by equal binary 
fission, as, for example, many Infusoria, there is practically no 
difference between young and old forms beyond a slight variation 
in size. An individual feeds, and in consequence grows sliglitly 
beyond the size characteristic of the species to which it belongs. 
It then divides by equal binary fission into two individuals each 
slightly below the specific size, and they in their turn feed and grow 
and reproduce themselves by fission in duo course. 

In other cases, however, young and adult forms of a species can 
be clearly distinguished, and may differ in structure as well as in 
size. Beginning with reproduction by binary fission, the simplest 
case is where the adult individual divides into two unequal portions, 
so that parent and daughter can bo distinguished, the former not 
appreciably smaller than ordinary full-grown individuals, the 
latter, however, very much smaller ; it may bo relatively minute. 
Examples of this type of reproduction are furnished by trypano- 
somes, a group in which all gradations may be found between equal 
and very unequal fission (Fig. 127). Still greater differences 
between parent and young individuals are seen in cases of gemma- 
tion — that is to say, where the offspring is set free in an undifferen- 
tiated condition, and acquires after separation from the parent the 
characters of the adult, as in Acinetaria. 

The greatest differences between young and old forms are seen, 
as might have been expected, in cases of reproduction by multiple 
fission or gemmation. In such cases the young forms produced 
often differ from the adult in structure and appearance, as well as 
in size. An example of multiple fission is furnished by the common 
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Trypanosoma lewisi of rats, in whicli two typos of sucli fission are 
soon : either the multiplication of a small individual hy repeated 
binary fission to form a “ rosette ” composed of several daughter- 
individuals (Fig. 127, J, K), or the separation of several small 
daughter-individuals from a large one (Fig. 127, f\ G, 11). In l)oth 
cases the multiple fission is simply rapid and repeated binary fission. 
The young individuals resulting from the fission are sometimes 
crithidial in type (p. 294), and grow into the adult trypanosome- 
form. 

In multiple gemmation (sporulation) the parent body breaks up 
into a number, sometimes very large, of small or even very minute 
individuals, buds, or germs, usually given off from a more or less 
considerable mass of residual protoplasm, which degenerates and 
dies off. The buds when set free may become active at once, or 
they may pass first into a resting state to which an active state 
succeeds at a later period. In the latter case they may form 
sporocysts, and become the spores already described. Within the 
sporocyst the minute germ may multiply fur1;her by fission. In the 
subclass Telosporidia of the Sporozoa, the contents of the spore 
may divide up in this way to form a variable number of slender 
skiklc-shapcd germs, for which Airne Schneider coined the term 
sporozoites, a term which has since been frequently applied in senses 
quite different to its original meaning. 

An active germ produced by sporulation is termed a swarm-spore 
or zoospore, whether or not the active phase is preocnled by a nesting 
spore-stage. The swarm-spores of Protozoa may be of various 
tyiies in different cases. The swarm-spore may bo ammboid and 
creep about by the aid of pseudopodia ; it is then t(U’m(Hl an 
amoehula (or pseudopodiospore). It may be provided with one or 
more flagella as organs of locomotion, and is then termed a jlagellula 
(or flagellispore). It may have a coat of cilia, as in the young stages 
of Acinetaria, and may then be termed a ciliospore. Lastly, the 
swarm-spore may be without organs of locomotion, whether perma- 
nent or temporary, and may progress by twisting and wriggling 
movements of the body as a whole, or by gliding forwards on its long 
axis in a manner similar to the gliding movements of gregarincs ; 
swarm-spores of this type are specially characteristic of the Telo- 
sporidia amongst the Sporozoa, arising either by sporulation of a 
schizont (merozoites) or in the process of spore-formation after 
syngamy (sporozoites), and may be termed gregariniform swarm- 
spores or gregarinulcB comprehensively. 

In some cases the swarm-spore may pass through more than one 
active phase, and exhibit different modes of locomotion in each. 
This is well seen in the Mycetozoa (p. 239), where the germination 
of the spore produces an amoebula, which may acquire a flagellum 
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and become a flagellula ; after a time the flagellula settles down and 
becomes i^n amcebula again after loss of the flagellum. 

A very interesting point, in connection with the question of young 
and adult forms of Protozoa, is the occurrence of stages in the 
development which may be interpreted as recapitulative in the 
phylogenetic sense— that is to say, as representing past stages in the 
evolution of the species, in a manner comparable to the recapitu- 
lative larval or embryonic stages in the development of Metazoa. 
It is probable that such recapitulative stages are commoner in the 
development of Protozoa than has been generally supposed (compare 
Awerinzew, 47). The best-known instance is furnished by the 
ciliated larvae of Acinetaria (p. 459), indicating that this order is 
descended from a ciliate ancestor of the order Peritricha, a relation- 
ship fully confirmed by the similarity of their reproductive processes 
to those of other Infusoria. The crithidial phase that occurs so 
constantly in the development of trypanosomes (p. 299) is probably 
to be regarded as a recapitulative form representing a type of 
striKdure antecedent in evolution to that of the typical trypanosome- 
form. The frequent occurrence of flagellated swarm-spores in the 
development of Sarcodina (Foraminifera, p. 2.S5 ; Radiolaria, p. 254) 
probably has a phylogenetic significance, as pointed out by Biitschli. 
Finally attention may bo drawn to the remarkable series of forms 
in the ontogeny of Arcella described in the next chapter ; first tlie 
amcebula, then the Nuclear followed by the PseudocMamys- 
stage, which grows finally into the adult Arcella-form. In the many 
cases where young forms are markedly different from the adult, it 
may bo a difficult matter, as it often is in the case of Metazoa, to 
decide whether a given larval form is to be interpreted as recapitu- 
lative or merely adaptive ; but even in cases where the characters 
of a larval form have an obvious adaptive importance, as in the 
ciliated larvae of Acinetaria, atavism may bo nevertheless a factor 
determining the particular form taken by the adaptive characters in 
question — that is to say, by the organs of locomotion in the example 
chosen. 

3. Polymorphism in Relation to Sex, — ^The phenomena of sexual 
differentiation consist primarily of differences in size, structure, and 
other characteristics between the gametes, the cells which are con- 
cerned in the act of syngamy. Secondarily such differences may 
extend to other cell-individuals, both in the life-cycle of a Protozoon 
or in the body of a Metazoon. In the previous chapter it has been 
pointed out that, while in Metazoa the gametes at least are sharply 
differentiated in all cases, in the Protozoa every condition is found 
from perfect isogarny to a differentiation nearly as pronounced as 
that in the Metazoa. The question has been discussed in the last 
tihapter whether or no sexual differentiation is to bo regarded an 
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an inherent property of all living l^eings, as inaintained hy many 
high authorities. 

Whatever view be held with regard to the existence or non- 
existence of inherent, intrinsic sexual differences in living organ isiiis, 
it seems clear that the apparent sexual differentiation of the gametes 
is largely, perhaps purely, adaptive, and furnishes good (examples 
of the principle of morphological differentiation of structure in 
relation to physiological division of labour. One gamete, termed 
“ female,” tends to be bulky and inert, storing up resc^rve- material 
in greater or less quantity, a provision {sit venia verho I) for future 
recpiirements ; it is economical of substance, and but few are 
iwoduced. The other gamete, termed “ male,” develops in the 
o])posit(i direction in every n^spect ; it tends to l)e small and active, 
not weighted with superfluous material of any kind, but wit h motor 
mechanisms strongly developed ; it is prodigal of substances, and 
many are produced, but few are favoured by destiny. In (^xtnum^ 
cases the female gamete is a relatively huge, inert cell, inca])able 
of movemcmt, crammed with foodstuffs ; the male is exc(;ssively 
minute, and is practically nothing but a nucleus which has its 
constituent parts packed into the smallest possible space, and with 
motor mechanisms attached to it. 

In reviewing the progressive differentiation of fJie gam(d,es in 
Protozoa, it is convenient to treat separately those forms in which 
there is little or no ontc^genetic differentiation from thosti in which 
there is a more or less pronounced difference between the young 
and adult forms. An example of the first tyj^e is seen in Oopromonas 
(Fig. Ill), in which the gametes are ordinary individuals of the 
species, only differing in that their nuclei have undergone a process 
of reduction. Good exampbs of monomorphic forms are furnished 
also by the Infusoria, a group in which a species may be free-swim- 
ming, or may be more or less permanently attached and sessile in 
habit. 

In the free-swimming ciliate Infusoria, sexual differences in the 
conjugants are frequently not discernible ; if they exist, they can 
only be inferred from the fact that syngamy takes place, or from 
subsequent behaviour of the individuals after conjugation, as, for 
instance, the fact observed by Calkins, that in Paramecium one ex- 
conjugant multiplies much more rapidly than the other. In other 
cases differences of size more or less pronounced are exhibited by 
the conjugants (Doflein, 111). As pointed out above, differences 
of structure have also been noted in some cases between the 
stationary and migratory pronuclei produced by a conjugant. 
Collin (50), however, was unable to find the slightest morphological 
differentiation of the conjugating pronuclei of Anoplophrya. 

In the sedentary Infusoria, sexual differentiation may be as little 
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apparent as in the free-swimming species, as, for instance, in 
Acinotaria, where conjugation can take place between two adjacent 
individuals each on its own stalk. But in the Vorticcllids special 
free-swimming individuals, microconjiigants, are developed which 
are budded off frorti a sedentary individual, and then acquire 
cilia, swim off, and conjugate with another sedentary individual 
(Fig. 78). It seems obvious that this 
state of affairs is an adaptation to the 
exigencies of a sedentary life to insure cross- 
fertilization analogous to the formation of 
complemental males in the Cirripedes. The 
free - swimming microconjiigants of Vorti- 
oellids are commonly termed “ males,” but 
it is open to question whether, strictly 
speaking, they deserve that title. 

It is in species with marked differences 
between young and adult forms that the 
greatest differentiation of the gametes 
occurs, though by no means universally even 
in such forms. In polymorphic species of 
this type, three different conditions can bo 
distinguished, to which reference has been 
made in the previous chapter. 

Fig. 78.--For<<rf^a wjVro- j Macrogamy — that is to say, syngamy 
Ehrb. Oa the left , ^ ^ 

ail ordinary, sedentary between tull-growniiidividuals of tlio species. 

individual (macniconju- In this type the gametes appear to be always 

gant) with two microcon- jr xi • -i <• *1 

jugants {m.c.) attached ponoctly suiiilar, so far as is known ; ox- 

to it, one of which (to amples are seen in Actinephrys (Fig. 71), 
conjugation!" "‘)n““\ho chromidiogamy of Arcella (Fig. 80), and 
right is an individual possibly Noctiluca (p. 279), 
rnd'thr“dy‘’“d 2. Microgamy- syngamy botwoon tho 
in a cyst. N. Macro- youngest individuals, products of the rapid 

nucleus ; P iieristomc multiplication of an adult. Conjugation of 
and adoral ciliary spiral. -in,! 

After Hickson. swarm-spores IS by far the commonest typo 

of syngamy in Protozoa, and may be re- 
garded as tho normal typo. In this case there is usually complete 
is( gamy, as in Foraminifera (p. 235), sometimes slight anisogarny, 
as in Radiolaria (p. 254, Fig. 108). 

3. Mixed microgamy and macrogamy — that is to say, syngamy 
between a fuU-sized adult individual on tho one hand and a minute 
individual, a swarm-spore, on tho other hand. Tliis type may bo 
regarded as derived from microgamy by progressive, and finally 
complete, inhibition of the divisions that produce the swarm-spores 
in one sox — possibly also with an enhanced tendency to such divisions 
in the other sox. Thus in ArceUa, as described in the previous 
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chapter, the macramcebie produced are fewer than the niicraru(eb;e, 
.showing that the tendency to division is more restrictcxl in t,lio 
fonner case than in the latter. Again, in the development of ( ^mlro. 
pyxis, as described by Schaudinn (131), formation of gametes is 
initiated by a process of multiple fission combined witli formation 
of secondary nuclei from chromidia, as in Arcella, and in this way 
a number of amcebulae are produced. The amoobula? from one 
Centropyxis remain undivided, as rnacramcobip, while those pro- 
duced from another adult divide each into four micrariKebce ; 
syngamy takes place later between a micranueba and a macraimeba, 
after each has secreted for itself a shell. 

When the inhibition of the gamete-forming divisions is quite 
complete in one sox, the result is the most pronounced type of 
anisogarny occurring in Protozoa ; and, conversely, it may be said 
that all cases of extreme anisogarny in Protozoa are of this type. 
In Metazoa the disproportion in the size of tlie gametes is mainly 
due to the relatively enormous growth of the gametocyte, partly 
also to the inequality of the four cells produced by the reducing 
divisions, in the female sex. In Protozoa with extreme diileren- 
tiation of gametes, on the other hand, such as the (loccidia and 
HtCmosj)oridia, the gametocytes do not dilTer greatly, sometimes 
not at all, in size, though the female gametocyte may contain 
nioro reserve food - material, and conscfpiontly less protoplasm. 
The disproportion of the gametes is due almost entirely to the fact 
that in the female sox the gametocyte docs not divide, but becomes 
a single macrogamete, while the male gametocyte sporulatcs to 
produce a larger or smaller number of microgametes. 

Very instinctive in this respect is the comparison of the formation 
of the gametes in the gregarincs (p. 331) and the coccidia (p. 34G) 
respectively, two groups of Protozoa which are certainly closely 
allied to one another. In such a form as (Joccidium (Fig. 152), the 
gametocytes remain sejiarato one from the other, and tle‘ male 
gametocyte forms numerous minute microgametes which swarm 
away ; the female gametocyte, on the other hand, becomes a macro- 
gamete after going through a process of reduction, and is fertilized 
by a single microgameto. In gregarines, however, the gametocytes 
associate in couples, either before or after attaining their full size, 
‘^nd become surrounded by a common cyst, within which each 
gametocyte spoiiilates to produce a large number of small gametes. 

I he gametes of gregarines can be arranged in a series, showing 
niarked anisogarny at one end, complete isogamy at the other. 
Ihus in Pterocephilus (Fig. 79 , A, B) the gametes are very unequal 
in size, and the microgametes are motile, the macrogametes not so. 

In Stylorhynchus the gametes of opposite sexes are equal in size, 
but in one sex the gametes are motile, in the other not (Fig. 79, 
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6\ D). In Mmiocysiis (Fig. 79, Ci — L) the gametes difler slightly in 
size in the two sexes, but have no organs of locomotion in either 
case. In (Jrospora (Fig. 79, K, F) the gametes are not appreciably 
diilerent in size, but in those of one sex ihe nuclei are slightly 
smaller than in those of the other. Finally, in Gre/jarina, Diplodina, 
and many other genera, no difference whatever is i)ercoptiblo 
between the two gametes that perform syngamy. In those gre- 
garines which have dimorphic gametes, syngamy is always between 
two dissimilar individuals of distinct parentage, and it may be 
inferred, therefore, that in all cases alike the gametes that unite are 
derived from distinct gametocytes. 



Fia. 79. — (lamctos of different species of gregarines. A, Male, B, female, gamete 
of Pterocephalus (Nina) (jracilis, 0 and D, Stylorhynchus lonykollis : C, malo 
gamete ; D, malo gamete attaching itself to a femah;. E, Male, F, female, 
gamete of (Jrospora layidis, showing differences in the size of the nuclei. 
G — L, Monocystis sp. : 0, male gamete ; //, female ; I, union of the two 
gametes, the nuclei still separate ; J , the two nuclei fusing ; K, tho zygoto 
becoming elongated ; L, the zygote has taken tho form of the spore, and in 
the synkaryon a centrosomo has appeared, preparatory to division. A and 
B after Ledger and Duboscq ; G and D after Leger ; E—L after Brasil. 

From a comparison of the life-cycles of the Coccidia and tho 
Gregarines respectively (see p. 354, infra), it is highly probable that 
in the common ancestor of the two groups the gametocytes wore 
separate, as in Coccidium, and each produced numerous gametes, 
as in Gregarines. Since the gametes had to find each other, by a 
process of adaptation, those of one sex became smaller and more 
motile (microgametes), while those of the other sex were more bulky 
and inei-t (macroga metes). 

In the course of their evolution from this primitive ancestral 
t 3 ^e, the Coccidia, with some exceptions presently to be noted, 
retained the habit of the gametocytes, remaining separate, and the 
Upccialization of tho gametes became greatly increased, as an adap- 
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tation to this condition, the female gaiuctocyte ceasirifT to divide 
and becoming a single macrogamete, while the male gametocyte 
i^roduced a swarm of minute, motile rnicroga metes. Only in a 
few Coccidia, exemplified by the genus Addea (Fig. 154 ), did the 
gamctocytes acquire the habit of association before forming gametes, 
a habit which led in this case to a reduction of the number of micro- 
gametes produced to four, of which one fertilizes the macrogamete, 
while the other three perish. It is clear that the formation of 
miciogametes in close proximity to the macrogamete increases 
vastly the chance of the gametes finding each other, and renders 
unnecessary the production of a swarm of microgametes. 

In the gregarines, on the other hand, the gametocytes acquired 
the habit of associating and forming their gametes in a common 
cyst. Under these circumstances it becomes a certainty that a 
gamete of either sex will find a partner if the gametes of eacli sex 
are in equal numbers. Consequently there is seen in gregarim^s a 
progressive tendency, illustrated by the examples cited above, to 
disappearance of those characters of the gametes which are an 
adaptation to the necessity of the sexes coming together, culminating 
in production of gametes of opposite sexes which are perfectly 
similar. On this view the isogamy seen in many gregarines is a 
secondary condition brought about by the gradual obliteration of 
adaptive differences between the gametes of opposite sexes, under 
circumstances which render such differences unnecessary. 

I ho comparison of tho gamolo -formation in difforont species of gregarines 
iLirnishes an instanco of a progre.ssivo lovelling-down of strucitural differentia- 
lion of gametes, under conditions in which no such differentiation is required 
until an anisogamy undoubtedly primitive has been reduced secondarily to a 
l)erfoct isogamy. This has led to tho view expressed in many quarters, 1 hat 
anisogamy is in all cases a primitive, isogamy a secondary, condition. ’ ^I’lie 
case of the gregarines is by no means adequate, however, to support so 
sweeping a generalization ; the only conclusion that can be drawn from it is 
that adaptive dillerencos tend to disappear when the conditions to wiiich tliey 
are an adaptation no longer exist ; and tho very fact that the obvious structural 
differentiation between the gametes vanishes in such a case is of itself a proof 
that such differentiation is not tho expression of intrinsic constitutional 
ditferoncos between tho gametes, for such difforences could not be annihilated 
merely by changed conditions of environment. 

i n doubt that anisogamy in tho form of visible structural 

ifieroncos botwoon tho gametes of opposite sexes must have been acquired 
very e.yly by gametes as an adaptation to their functions. On the other 
improbable, to say the least, that tho earliest gametes, 
When the sexual process was first invented, so to speak, were structurally 
c iitorontiated. It must, of course, be postulated that the gametes pijsse.ss 
sue 1 intrinsic constitutional differences as would account for their behaviour — 
lat IS to say, their mutual attraction and union ; and in this sense anisogamy 
may bo considered as a universal and primitive phenomenon. But the number 
j> cases in which gametes are perfectly isoganious, as regards visible struc- 
ural or other differences, is a sufficient proof that purely constitutional 
anisogamy does not necessarily express itself in perceptible difforentiation 
of the gametes. 
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So far only primary sexual differences— that is to say, those 
between the actual gametes — have been discussed ; but, as lias boon 
stated above, the sexual differentiation may bo thrown back, as it 
wore, into generations preceding the gametes. Thus, it is by no 
moans uncommon, especially in Ooccidia and Haiinosporidia, for 
the ganietocytcs to be clearly distinguishable according to sox, the 
female gametocyte having the cytoplasm loaded with reserve food- 
material, and usually with a smaller nucleus, while the male gameto- 
cyte has the cytoplasm clear and free from inclusions, and the 
nucleus is relatively large. In Adelm the male gamotocyte is 
very much smaller than the female (Fig. 154). In Cyclospora 
caryolylica, parasitic in the mole, the sexual differentiation is carried 
back through generations antecedent to the gametocytes, and, 
according to Schaudinn (147), male and female merozoites can be 
distinguished. 

The various types of polymorphism that have been discussed in 
this chapter may bo classified as follows ; 

1. Adaptive polymorphism. 

(1) Passive. 

(2) Active. 

2. Ontogenetic polymorphism. 

(1) In size alone. 

(2) In structure also. 

(a) Recapitulative. 

(5) Adaptive. 

o. Sexual polymorphism. 

(1) Primary (of gametes). 

(2) Secondary, 

(a) Of gametocytes alone. 

(6) Of other generations also. 

In the task of unravelling the complicated life-cycles of Protozoa, 
it is of the greatest importance to distinguish clearly the significance 
of the various forms that are seen, and there can bo no doubt that 
failure to do so has often been a source of error. With some writers 
it is an obsession to ascribe all differences to sox, and to interpret, 
for instance, in the development of trypanosomes, all bulky forms 
as females, and all slender, active forms as males, quite regardless 
of the behaviour of the forms thus designated. It is far more 
probable that in the majority, at least, of such eases the bulky 
forms are related to the multiplicative, the slender, active forms to 
the propagative function, respectively, and that the differences 
between them have no relation whatever to sexual functions, either 
in the forms themselves or in their descendants. 
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B. Life-Cycles. 

In tho foregoing section the various forms have boon described 
under which one and the same species of Protozoon may occur in 
the course of its life-history, and in response to tho conditions of its 
particular mode of life. In some species it has been seen that the 
changes of form and structure iire so slight that tho species are 
practically monomorphic, in the sense that they can bo identified 
without difficulty in any active phase of life ; no species is absolutely 
monomorphic, since, in addition to resting states, differences in size 
duo to growth, at least, will always bo found. Other species, on 
the other hand, are polymorphic to such an extent that their specific 
identity in different phases can only be determined by tracing tlieir 
development in a continuous sequence ; and in extreme cases of 
polymorphism tho life-history becomes a varied pageant of dis- 
similar forms succeeding each other in more or less regular order, 
determined largely, if not entirely, by the conditions of tho environ- 
ment. In a former chapter the distinction has been drawn between 
a developmental cycle, consisting of a recurrent scries of different 
forms, and tho complete life-cycle, consisting of tho whole series 
of forms or phases which appear between one act of s,yngamy and 
the next. The complete life-cycle may comprise many develop- 
mental cycles. 

As a cioncretc example of a life-cycle comprising a groat numb(;r of 
different forms, and in which also the development may follow more 
than one course, the life-cycle of Arcella vulgaris may bo selected 
(Fig. 80). The life-history of this form has now been made known 
in detail by tho combined labours of many investigators, amongst 
whom Hertwig (65), Elpatiewsky (144), 8warczewsky (101), and 
Khainsky (145), must bo specially mentioned. 

The form which may bo taken as tho starting-point of tho life- 
cycle is a minute, amoeba-like form, with a single nucleus (Pig. 80, A). 
The amoebula, when sot free, feeds, grows, and becomes after a 
time spherical in form with radiate pseudopodia (Fig. 80, B ) ; in 
this stage it resembles a species of the genus Nudmria. After a time 
the Nudmria-ioim. secretes a shell, and now resembles an example 
of tho genus Pseudochlamys (Fig. 80, C). With further growth, 
chromidia are given off from the nucleus into tho cytoplasm, tho 
nucleus divides into two, and tho animal thus assumes gradually tho 
characters of the adult Arcella (Fig. 32 ; Fig. 80, D). It has a 
chitinous shell, circular in outline, flattened in profile- view, and 
slightly concave on the under-side, in the centre of which is a largo 
circular aperture through which the pseudopodia stream out. The 
body.protoplasm contains two nuclei situated approximately at 

12 
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Fia. 80.— Combined diagram to show the different methods of reproduction and 
syngamy in the life-cycle of ArceUa. 

A~D Tlie four stages in the ontogeny : the amoebula ; B, the Nudearia-iorm ; 

C, the PaeudocUamys-iorm ; D, the adult ArceUa. 

D—Q, Stages in the vegetative reproduction by fission : E, the protoplasm 
beginmng to stream out of the shell of the parent-individual; F, division of the 
nuclei of th^e parent, and formation of the shell of the daughter; 0, migration 
of the daughter-nuclei into the daughter-individual and completion of the division. 

[Continued at foot of p, 179. 
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the opposite ends of a diameter of the circular body, and an irregular 
ring of chromidia forming a dense chromidial net. Under cc'rtain 
conditions Arcella becomes encysted, forming a splierieal ciyst 
with a tough impervious membrane witfiin tlio shell, closing the 
mouth of it. 

The adult Arcella reproduces itself by a variety of methods, 
Avhich, however, may be reduced to two principal types : binary 
fission, producing daughter-individuals (Arcellcc) of approximately 
equal size ; and gemmation, producing small anioebulm such as have 
been described above as the starting-point of the ontogeny. The 
production of the amocbula) may or may not bo in relation to 
syngamy, which, when it occurs, may bo of one or the other of two 
distinct types—karyogamy between amcebulm, or chromidiogamy 
between adult Arcellce. 

Binary fission (Fig. 80, l)—0) is the ordinary typo of reproduction 
during the “ vegetative ” life in the summer months, when the 
animal is actively feeding, growing, and reproducing itself. In 
the process of binary fission, the two nuclei divide by a form of 
karyokinesis (Fig. 57, p. 110). A quantity of the body-protoplasm 
streams out through the mouth of the shell, together with some of 
the chromidia, and one of the two daughter-nuclei of eacli pair also 
passes out of the shell. The daughter-Arce//a thus formed secretes 
for itself a new shell, and separates from the parent-individual, 
which retains the old shell. Thus in binary fission both nuclei and 
chromidia take part, the former dividing by mitosis, while the latter 
are subjected to a roughly equal partition. 

The ordinary binucleato form of Arcella may become multi- 


Fia. 80 — continued: 

All the figures below the level of D represent reproduction by gemmation : 
those to the left aro reproductive processes not combined with syngamy ; 
those on the right show the methods of syngamy. 

//, Formation of secondary nuclei and buds which aro liberated singly 
from the parent as amoobula) (a.). 

/, Eapid bud-formation, loading to almost the whole protoplasm of the 
parent being used up to form them. 

J, Bud-formation external to the shell ; the protoplasm has streamed out, 
leaving only a small residual portion, containing the primary nuclei, in the 
shell ; the extruded protoplasm producing buds with formation of secondary 
nuclei. 

K, L, Formation of gametes and karyogamy : K, formation of macrarnoebx* 
( 9 ) ; A formation of micramoebw ( (J ) ; the gametes ( V and J ) pass out of 
the shell and copulate ( ^ ) to produce the zygote or amoebula (o.). 

M — Q, Chromidiogamy : M, two Arcdla coining together ; N, the proto- 
plasm, with the chromidia and degenerating primary nuclei, of the one i)asses 
over into the shell of the other ; 0, after intermingling of the chromidia, the 
jirotoplasm becomes equally distributed between the two shells ; P, the 
chromidia give rise to secondary nuclei ; Q, buds (amoobula), a,) are formed 
and liberated. 

Other letters ; n., nucleus ; n.^, primary nucleus ; n.^, secondary nucleus; 
chr., chiximidia ; sL, shell ; o, mouth of shell ; w., amoebulso. 

Modified from a diagram by Swarezowsky. 
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nucleate by formation of secondary nuclei from the chromidia, as 
described above (Fig. 32, p. 67). The secondary nuclei are entirely 
distinct in their origin from the primary nuclei, which degenerate 
when the secondary nuclei aro formed. A multinucleate Aroella 
may re 2 )roduco itself by binary fission after division of each secon- 
dary nucleus by karyokinesis ; of each pair of secondary daughter- 
nuclei, one goes to one daughter-^ rce^/u, the other to the other, so 
that each daughter-Arcc//« has the same number of nuclei exactly 
(Hertwig, 65). 

Gemmation takes place in multinucleate forms containing a 
number of secondary nuclei. A portion of the body-protoplasm 
becomes centred round each secondary nucleus, and thus a small 
cell is formed, which becomes amceboid, quits the parent-body, and 
either grows directly into an adult Arcella by the successive stages 
described above, or before doing so performs an act of syngamy. 

Gemmation, as above described, takes place in three different 
ways, as follows : 

1. The buds are formed one at a time, and the jiarent-individual 
persists and continues to reproduce itself (simple gemmation, 
Fig. 80, H). 

2. The whole body of the Arcella breaks up into numerous buds 
which swarm out of the shell, leaving behind in it the two primary 
nuclei, with a small quantity of residual protoplasm. The parent- 
individual then dies off, apparently, but it is possible that it may in 
some cases regenerate the body again. This process of multiple 
gemmation differs only from the simple gemmation described in the 
previous paragraph in being, as it were, greatly intensified, taking 
place with such rapidity as to use up almost the entire protoplasm 
at once (Fig. 80, 1). 

3. The protoplasm of the Arcella, with the chromidia, streams 
out of the shell, leaving in it only the degenerating primary nuclei. 
Outside the shell the amoeboid body forms secondary nuclei, and 
breaks up by multiple fission into a number of amcebulaj. This 
process differs from that described in the foregoing paragraph only in 
taking place outside the shell (Fig. 80, J). 

As already stated, the amcebuke formed by multiple gemmation 
may either be agametes, which develop directly into the adult form, 
or gametes, which first go through a process of syngamy which has 
been described in the previous chapter (Fig. 80, K, L). Both 
agametes and gametes arise in the same manner ; the gametes, 
however, show sexual differentiation as regards size. The zygote 
is an amoebula which develops into the adult form in the same way 
as an agamete. In addition to syngamy (karyogamy) between 
amoebulsB, chromidiogamy between adult Arcellce also occurs, as 
already described ; the result in this case also is the formation of a 
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niiniber of amoebulse which develop into the adult in the usual way 
(Fig. 80, M~Q). 

Arcella thus furnishes a surprising example of diversify both in 
the courses taken by the deveIo2)ment and in the methods of 
syngamy. We may now consider some further complicalions of 
the life-cycle, which in other Protozoa takes usually a more definite 
and stereotyped course, less liable to the variations in one and the 
same species seen in Arcella. 

One of the commonest complications introduced into the life- 
cycles of Protozoa is the ditferentiation of sexual and non-sexual 
cycles. In the account given above of the life-cyck^ of Arcella, it 
has been seen that an adult may produce amoebula} which as 
agarnetes can grow up directly into the adult form witliout syngamy, 
or which as gametes copulate before developing further. The 
adult Arcelloe, however, do not, so far as is known, exhibit any 
differentiation in relation to these developmental differences, the 
form that produces gametes being perfectly similar to that whicli 
produces agarnetes. But in other cases there may bo two distincjt 
forms of the adult individuals : the one, known as the sporemt or 
gamont, which gives rise to gametes ; the other, ternuKl the schizont or 
agamont, which produces agarnetes.* In this way an alternation of 
generations is brought about in which the life-cycle as a whole 
becomes a combination of two distinct types of developmental cycle 
— one known as schizogony, in which no sexual processes occur ; 
the other as sporogony, in which at one stage gamete-formation is 
followed by syngamy. 

An example of alternation of generations in a free-living form is 
seen in the life-cycle of Trichosph cerium (Fig. 81), as described by 
Schaudinn (146). The adult phase is a relatively largo amceboid 
form, approximately spherical in contour, and having the body 
surrounded by a gelatinous envelope in which at intervals there arc 
apertures through which the lobosc pscudopodia are extruded ; the 

Tho word “ sporont ” was a modification suggested by Biitschli for tho term 
“ sporadin,” originally coined by Aimc Schneider to denote tho adult spore- 
forming phase in the cephalino Gregarines (p. 3.39), and to distinguish it from the 
earlier phase which still bears tho epimeritc, known, as a cepludont (“ C(!phalin,” 
Schnei(fer). Since tho production of resistant siKjres in Gregarines and allied 
orders, such as tho Coccidia, is accompanied by sexual phenomena, tho word 
“ sporont ” has undergone both an extension and a change in its original meaning, 
and has como to be used to denote a gamete-producing tonn. In his memoir on 
Trichosphmrium, Schaudinn used tho word “ sporont ” in this sense, and coined 
the term schizont to denote the agamete-producing form, and further coined tho 
words “ schizogony ” and “ sporogony " to denote the non-sexual and sexual 
cycles respectively. Since the wonl “ sporont ” in the secondary meaning thereby 
given to it has reference solely to the occurrence of syngamy and not to the forma- 
tion of resistant spores, and since these two processes are not always, though 
frequently, combined in the same series of generations, it would perhaps bo better 
to replace tho terms “ schizont ” and “ sporont ” by “ agamont ’ and “gamont ” 
respectively, were it not that this leads to the substitution of the extremely cacopho- 
nous words “agamogony ” and “gamogony ” for “schizogony ’’ and “ sporogony.” 
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iio. 81.— General life-cyolo ol Tricho8j>hmrium siebddi, as an example of dimor- 
phism in the adult condition combined with alternation of ^nerations. 

by the possession of rod-like 
bodies in the onveloiic (compare F) ; this form may multiply by simple or 
multiple fission (plasmotomy) in a “ vegetative ” manner, or by the process 
of spordation (schizogony) seen in fi and C, in order to give rise to the gamete- 
producing form; .8, division of the body of the schizont into as many cells 
( s^rogoma ) as there are nuclei ; 0. rupture of the envelope and escape 
of the sporogonia as active amosbulce, each of which forms an envelope for 

[Continued at foot of />. 183. 
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protoplasmic body is a multinucloate plasmodium. There arc two 
forms of tho adult — tho schizonts (agamonts), which arc dis- 
tinguished by tho presonco of rod-like spicules in the envelope 
(Fig. 81, A) \ and the sporonts (gamonts), which have no spicules 
(Fig. 81, F). The schizonts reproduce themselves either in the 
free state or after encystment. In tho free state the reproduction 
is by simple or multiple plasmotomy — that is to say, by division of 
tho plasmodium into two or more portions. In the encysted con- 
dition tho schizonts divide by multiple fission into as many daughter- 
cells as there are nuclei in tho plasmodium (Fig. 81, B), and each 
daughter-cell is set free as an amoebula (agamete), which may either 
grow up into a sporont, or into a schizont which repeats tho process 
of multiplication by schizogony. 

Tho sporont may reproduce itself in tho free state in tho same 
manner as tho schizont, by plasmotomy, or it may become encysted, 
and then it multiplies in a manner totally different from that seen 
in tho corresponding phase of tho schizont. Tho nuclei of the 
encysted sporont multiply rapidly by karyokinosis (Fig. 81, G) until 
there are a very largo number of minute nuclei ; very probably tho 
final divisions in this process of multiphcation are reducing divisions. 
Tho protoplasmic body then becomes divided up into as many 
minute cells as there are nuclei, and each of tho daughter-cells 
acquires two flagella, and is sot free as a flagellula or gamete 
(Fig, 81, //). The gametes, which are not differentiated in any way, 
copulate with those derived from another sporont, and lose their 
flagella (Fig, 81 , 1 — L) ; tho zygote is a small amoebula which grows 
up into a schizont (Fig. 81, L, ilf, A, A). 

An alternation of generations similar to that of Trichospheerium 
occurs also in the Foraminifera (p. 234). Here the schizont contains 
numerous nuclei, which multiply by fission as tho animal grows, and 
also chromidia ; it reproduces itself by a process of multiple fission, 
breaking up into a number of amoebulse (agamotes), each with a 
nucleus and chromidia. Tho amcebulse creep out of tho old shell, 
which is abandoned, and each amoebula secretes a shell for itself. 

Fig. 81 conit »Mci; 

itself and grows, with multiplication of tho nuclei {D and E) into the gamete- 
producing form or sjxjront {F), similar in general structure to the schizont [A], 
but without rods in tho envelope ; tho sj^ront may also multiply in a vegeta- 
tive manner by simple or multiple fission, or it may form gametes in the 
manner seen in Q and H ; 0, active multiplication of the nuclei of the sporont 
to form a great number of very small nuclei, after which the body divides 
up into as many minute cells as there are nuclei ; these cells are the gametes, 
and each gamete acquires two flagella ; H, rupture of the envelope to set free 
the gametes, which swarm out and conjugate ; /, conjugation of two gametes, 
more highly magnified ; J, after fusion of the bodies of the gametes tho 
flagella are thrown off ; K, fusion of the two pronucloi ; L, comi)leto zygote, 
which forms an envelope and grows, with multiplication of the nuclei { Jl, U) 
into the schizont (A), which was taken as a starting-point of the life-cycle. 
After Schaudinn (146), 



184 


THE PROTOZOA 


and grows either into a sj^oront or into a schizont again. Thj 
sporont possesses only a single largo nucleus, the primary nucleus 
originally present in the amoebula, and a great number of chromidia. 
When the sporont enters upon the reproductive phase, the primary 
nucleus degenerates, and an immense number of secondary nuclei 
arc formed from the chromidia. 1 hen the protoplasmic body divides 
up to form as many cells as there are secondary nuclei. The cells 
thus produced are the gametocytes, each of which divides by mitosis 
to form four small cells, the gametes, which acquire flagella, swim 
off, and copulate with gametes produced from another sporont ; 
there appear, however, to bo no differences exhibited by the gametes 
of opposite sexes. The zygote forms a shell and grows into a 
sporont. Since the zygote is very much smaller than the amcebula 
produced by schizogony, the shell formed by it is also smaller. This 
shell is later the initial chamber of the polythalamous adult, and 
thus leads to a dimorphism in the adult shells, so-called “ rnicro- 
sphaauc ” and “ mcgalosphaeric ” forms (p. 235) — a dimorphism 
related, in this case, not to the manner in which the adult individuals 
reproduce themselves, but to the manner in which they have been 
reproduced. 

In free-living forms the alternation of generations is related to 
external conditions of the environment, as, for example, seasonal 
changes ; the sexual generation may appear in the autumn, while 
the non-sexual generations are found in the spring aiid summer. 
In parasitic forms, on the other hand, alternation of generations is 
of common occurrence in relation to a change of hosts. Thus, in 
the life-cycle of the Coccidia (Fig. 152), described above, the multi- 
plicative phases reproduce non-sexually by schizogony, as the so- 
called “ endogenous cycle ” ; the propagative phases are preceded 
by gamete-formation, leading to spore-formation, the so-called 
“ exogenous cycle.” In Hajmosporidia, such as the malarial parasites, 
for example (Fig. 156), the alternation of generations is related to 
an alternation of hosts ; the non-sexual, schizogonous generations 
take their course in the blood of the vertebrate host, in which the 
gamonts are produced, but do not develop further unless taken up 
by the invertebrate host, in which alone gametes are formed and 
sporogony takes place. 

The ptose “ alternation of generations ” must not be construed 
into meaning that the sexual and non-sexual generations succeed 
each other in a regular alternation. On the contrary, such regular 
alternation, if it occurs at all, is rare, and as a rule a single sexual 
generation is followed by several, or it may be by an immense 
number, of non-sexual generations before the sexual cycle recurs. 
The malarial parasite can multiply non-sexually in the blood for 
many years without dying out ; and if propagated artificially from one 
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vertebrate host to another, it is probable that it could dispense alto- 
gether ivith the sexual cycle, which occurs only in the invertebrate 
host, so fer as is known. In the suborder Eugregarinai of the 
Gregarinoidta an opposite condition occurs, since these fortns 
possess only the sexual cycle, sporogony, and there is no non-scxual 
schizogony. Whether this condition is to be regarded as a primitive 
state of things, or whether the Eugregarines are to bo regarded as 
having dispensed with the non-sexual process of schizogony seen 
in the allied suborder Schizogregarinse, must remain an open 
question. 

A further caution is also necessary with regard to the alternation 
of generations in Protozoa. From the known facts of the malarial 
life-cycle, in which an alternation of sexual and non-scxual cycles 
is correlated with an alternation of hosts, it has often been assumed, 
implicitly or explicitly, that a similar alternation of sexual and non- 
sexual cycles must occur in other cases where there is an alternation 
of hosts, as in the case of try|)anosomes, and in particular that the 
sexual cycle must occur in the invertebrate host. This assumption 
is by no means justified, however, and has been the cause of much 
unsound or unwarranted interpretation of the facts, especially as 
regards the significance of the various forms of trypanosomes, 
which arc continually ascribed to sexual differentiation on no other 
ground than the bare fact of form-differentiation, as pointed out in 
the previous chapters. Up to the present there is not a single case 
in which sexual phonomcna in trypanosonuis have been described 
in a perfectly satisfactory manner, free from all doubt ; and, on the 
other hand, it has been asserted that the syngamy occurs in the 
vertebrate host in these parasites (Ottolenghi, 492). 


Bihliografhy.—^ov references see p. 480. 
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THE GENERAL PHYSIOLOGY OF THE PROTOZOA 

TirK Protozoa, as lias boon seen in the previous chapters, exhibit a 
wide range of structural differentiation, from forms which exemplify 
a coll reduced to its simplest essential parts, nucleus and cytoplasm, 
to others in which the cytophismic elements give rise in different 
parts of the body to a great variety of structures and organs, each 
subservient to some special function. In the Protozoa of simplest 
structure, therefore, the study of the physiological activities of the 
organism coincides, more or less, with that of the elementary 
liroperties of the living substance, protoplasm, its peculiar powers 
of metabolism and transmutation of energy ; while in Protozoa of 
complicated organization the mechanism and mode of action of the 
various cell-organs must bo considered in relation to their structure, 
so far as it can bo made out. 

It is not possible to discuss adequately, in the limited sj^ace of a 
chapter, the intricate problems, for the most part still very obscure, 
of the vital mechanisms of elementary organisms. The matter can 
only bo dealt with bore on broad general lines, and those desirous 
of studying the subject further must consult the references given to 
special works or memoirs.* On the other hand, the special functions 
and mechanisms of the various cell-organs (“ organellse”) have been 
considered in describing the structure of the organs themselves. 
In this chapter, therefore, it is intended rather to fill the gaps loft 
in previous chapters ; and the physiological problems presented by 
the Protozoa will bo sketched in brief outline under the following 
headings : (1) Nutrition and Assimilation ; (2) Respiration ; (3) Secre- 
tion and Excretion ; (4) Transmutation of Energy ; (5) Reactions to 
Stimuli and to Changes of Medium or Environment ; (6) Degenera- 
tion and Regeneration. 

♦ For works dealing with the physiology of Protozoa in a general way the student 
should consult especially Verwoni, “ Allgemcino Physiologic,” Jena, 1907 (a trans- 
lation of the second German edition, under the title “ General Physiology,” was 
published by Macmillan, 1899) ; Prowazok, “ Einfuhrung in die PhysioTogie der 
Einzelligen,” I^ipzig (Toubner), 1910 ; the chapter on the general physiology of 
the Protozoa in Doflein’s “ Lehrbuoh der Protozoenkundo ” ; and the excellent 
summaiy of methods and results of physiological investigations upon Protozoa 
given by Putter in Tigerstedt’s “ Handbuoh der Physiologischen Methodik.” 

186 



THE GENERAL PHYSIOLOGY OE THE PROTOZOA 187 


1. Nutrition and Assimilation. — ^Living organisms, considered 
generally, exhibit a groat variety of methods of nutrition, which 
may be classified into two main groups ; bearing in mind, however, 
that in all classifications of living beings, or of their vital properties, 
any groups or classes that can bo distinguished are always connected 
by gradual and imperceptible transitions, and that consequently 
forms will present themselves which, owing either to their transi- 
tional nature or to the imperfect state of our knowledge concerning 
them, can only bo assigned to one or the other group in a manner 
as ai’bitrary as the statement that the 2lst of Juno is the first day 
of summer — a difficulty which in no way invalidates the distinction 
between spring and summer. 

In the first place, many organisms can build up the complex 
protein-substances, of which the living protoplasm is composed, 
from simpler chemical materials. Of this type there are found 
among Protozoa, as already stated, two typos of nutrition : first, the 
hohphytic, or plant-like, in which the organism is able, by moans of 
special cell-organs, to utilize the energy of the sunlight in order to 
synthesize its body-substance from the simplest chemical materials, 
such as water, carbon dioxide, and mineral salts, through a series 
of substances in an ascending scale of chemical conqih'.xity ; 
secondly, the saprophytic, typo, in which the body contains no visible 
organs subserving the function of nutrition, but the organism is 
able to build uji its protoplasm from food- materials consisting of 
organic substances in solution which are far loss complex chemically 
than the body-proteins. 

In the second place, many organisms cannot build up their body- 
substance from materials of simpler chemical constitution, but are 
entirely dependent on a supply of protein-substance ready-made, 
which they obtain eitlier by ingesting and digesting other living 
organisms in the holozoic method, or by living as parasites at the 
expense of other creatures. These two methods graduate into one 
another, since many parasites simply devour portions of the bodies 
of their hosts in a holozoic manner, but the majority of parasites 
absorb fluid nutriment from their hosts in an osmotic manner ; 
hence it is convenient to distinguish holozoic and osmotic parasitos. 

Considering these various methods of nutrition, it is seen that, 
from the point of view of the nature of the food, those which ingest 
solid food-particles (holozoic forms) can be distinguished from those 
which absorb their food in a diffused or dissolved condition (holo- 
phytic and saprophytic forms and osmotic parasites). From the 
point of view of the stnicturo of the organism, those which possess 
special organs of nutrition (holozoic and holojihytic forms) can be 
distinguished from those which possess none (saprophytic forms and 
osmotic parasites). 
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(a) Uolof hylic Nutrition . — ^The cliaractcristic of this type of 
nutrition is that tho organism contains special pigments by means 
of which it is able to decompose CO 2 in the sunlight, setting free 
the oxygen and retaining the carbon, which is built up in union 
with other elements derived from water and mineral inorganic salts. 
The pigments, termed comprehensively chromophyll, are contained 
in bodies termed “ cliromatophores,” which occur in diverse forms 
and varying numbers in dilTorent species, and which multiply hy 
division when the cell divides. The chromophyll-pigments are of 
various tints — yellow, brown, green, blue-green, etc. — but the 
commonest tint is the green chlorophyll, similar to that character- 
istic of plant-cells. A blood-red pigment, termed hcernatochrome, 
occurs in some flagellates — e.g., Ilcernatococcus ; it appears to be a 
modification of chlorophyll produced under certain conditions (see 
Reichenow, 07*5). 

For tho details of the complicated process of the synthesis of 
chemical substances in the holophytic mode of nutrition, tho student 
is referred to botanical textbooks dealing with plant-physiology. 
There appears to be no essential difference between the assimilative 
processes of holophytic Protozoa and of ordinary plant-cells. A 
characteristic product of holophytic nutrition is seen in the forma- 
tion of amyloid substances, the most important of which are starch 
(arnylum), and an allied substance known as “ paramylum,” which 
differs from starch in some of its reactions, notably in that it is not 
colourtnl blue with iodine. Paramylum is of more frequent occur- 
rence in Protozoa than true starch. The amyloid substances occur in 
characteristic masses in the cytoplasm (see especially Biitschli, 153). 

The chromatophores of Protozoa contain usually small refringent 
bodies termed yyrenoids, which also multiply by division. The 
pyrenoids are often surrounded by a coat or envelope of paramylum, 
and appear to be the centres of the production of amyloid substance. 

Many llagollates with groon chromatophon^s combine holophytic with 
saprophytic nutrition. Examples of such “ mixotrophic ” forms are scon 
in the genus Euglena (Zumstoin, 223), tho 8i)ecios of which flourish best in 
a medium containing organic substances, and cannot maintain themselves 
in pure water. Euglena viridis was shown by Khawkino to be able to live 
for a considerable period in the dark in media containing organic substances, 
but did not lose its green colour and did not multiply. E. gracilis, on tho 
other hand, in Zumstein’s experiments, lost its green colour and pas.sed into 
an Astmia-Xikd phase in the dark, or oven in tho light when placed in solutions 
very rich in organic substances, nourishing itself as a saprophyte. When tho 
Astasia-lcrm was exposed to the light, in solutions containing a small amount 
of organic matter, it became gnwn again and pa.ssed back into the Euglem- 
phaso. Tho degree to which tho species of Euglena can adapt themselves 
to a purely saprophytic life would appear to vary in different cases. In the 
colourless forms the chromatophores lose their chlorophyll, and remain as 
colourless leucoplasts. 

Tho combination of holozoic and holophytic nutrition has been noted 
above (p. 15). 
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{(j) Holozoic Nutrition . — In this tyi^o of nssimilation thrco sorios 
of events must be distinguished, each of which may bo cifoctod ])y 
means of special organs : the capture and ingestion of the prey ; its 
digestion ; and lastly the rejection from the body of the non- 
nutritive residue (defaH^;ation). 

The nuithods of food -capture and ingestion have been dealt witli 
above in a general way. As regards food - capture, metliods of 
prehension by means of pscudopodia, or by special adhesive organs, 
such as the suctorial and raptorial tentacles of Acinetaria (]). 457), 
the tongue of Didinium (p. 442), etc., must bo distinguished from 
methods whereby the food is wafted towards the body in curnaits 
produced by special vibratilo organs such as flagella and cilia. As 
n^gards ingestion of food, a distinction is imposed by the nature of 
the outer surface of the body-protoplasm, whether naked or invested 
by a firm cortex or cuticle. 

In naked forms the food is ingested at any point, by methods 
which vary in different forms. In Amod)a proteus the hinder end 
of the body is most active in ingestion ; in Aciinofipliwrium all points 
on the surface are equally active. Hhumbler (204) distinguishes 
four methods of food-ingestion in amoebae : (1) By “ import,” when 
the food is drawn into the protoplasmic body as soon as it comes 
into contact with it, and with scarcely any movements on the part 
of the amoeba (Fig. 23) ; (2) by flowing round, ” circumlluence,” in 
which the protoplasm, as soon as it comes into contact with the 
food-particle, flows round it on all sides and engulfs it ; (3) by 
“ circumvallation,” when the amoeba, while still at some distance 
from the object, sends out pscudopodia which flow towards each 
side of the prey, and ultimately meet round it and surround it com- 
pletely, without over having been in actual contact with it ; (4) by 
” invagination,” in which the amoeba touches and adheres to the 
object, and the portion of the ectoplasm in contact with it is 
invaginated into the endoplasm like a tube, the walls of which 
become liquefied and fused together, so that the food-particle is, 
as it wore, sucked into the endoplasm (Fig. 82). Of these various 
methods, the process of circumvallation is most suggestive of a 
conscious and purposeful act on the part of the amoeba ; but a 
remarkable parallel to it is seen in the penetration of Lankesterella 
into a red blood-corpuscle, as described by Noresheimer (see p. 378, 
infra). In this case, as soon as the parasite comes within a certain 
distance of the corpuscle, the latter opens its arms, as it were, to 
the parasite, and engulfs it in a manner very similar to the 
ingestion of food by circumvallation on the part of an amoeba. 
In both cases the object that is ingested must give off some substance 
which exerts at a certain distance an effect on the protoplasm of 
the cell which ingests it. 
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According to Rhumblcr (204), with a more fluid condition of the 
cctoplafim, the food is ingested by import or circumfluonco ; when 
the ectoplasm is stiffened to a mornbrane-liko consistence, the 
ingestion is effected by circumvallation or invagination. Rhumbler 
maintains that all known methods of food-ingestion by amoebfe, as 
well as their movoments, can ho explained meGhanicallY by diihr- 
ences of surface-tension in colloidal limiting membranes, and can 
bo imitated aiijificially in substances that are not living. 



Fio. 82. Inmstion of a food-partiolo by "invagination” in Amaba lerricola. 
A J^ivo of the process, scmi-diagrammatio ; F, diagrammatic 

direction of the currents on the surface of tho l^dy of the 
amoBba during the process of ingestion. After Grosso -Allermann (245). 


In corticate forms tlio ingestion of food is limited to ono or more 
special openings or organs, in which a direct communication is 
established between tho fluid endoplasm and the surrounding 
medium, as in the cytostomes of Flagellata and Ciliata and the 
suctorial tentacles of Acinotaria. 

The digestion of the food is effected within tho protoplasmic body, 
and as a nilc the prey is taken bodily into the cytoplasm ; but 
the Aciiietaria have the power, not fully explained, of sucking out 
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the body-substance of their prey, probably by the aid of secreted 
ferments. Together with the food a certain amount of water is 
ingested, forming a drop or food-vacuole in which the actual 
digestion takes place. The quantity of water ingested with the 
food varies considerably, and, speaking genernlly, is inversely pro- 
portional to the size of the object that is dovoiircd ; that is to s-iv, 
small food-particles, such as bacteria, lie as a rule in a very distinct 
vacuoJe, but large bodies, such as diatoms, usually appear as if 
imbedded in the cytoplasm, with no liquid vacuole visible around 
them. Amoebai not infrequently devour organisms larg('r tlian 
themselves, so that the cytoplasm of the amoeba appears like a 
thin sldn or envelope over the surface of the prey. According to 
Greenwood (161), Amoeba proteus takes in but little fluid wlien it 
ingests quiescent solid matter, such as starch-grains or yeast-colls, 
but when actively- moving prey is dealt with an area of water not 
inconsiderable surrounds it ; on the other hand, non-nutritious 
particles arc not surrounded by fluid when they lie in the endoplasm. 

In forms in which food is ingested through a cytostomo, as in 
Ciliata, the food-particles, usually of small size, are wafted down 
the oesophagus and collect at its proximal blind end, whore a depres- 
sion arises in the endoplasm, which gradually deepens, and finally 
closes over and separates from the oesophagus as a closed vacuole 
containing the food. According to Nircnstcin (181), the food- 
vacuole is detached from the oesophagus by suction of the endoplasm, 
like a process of swallowing (“ Schlingvorgang ”). The vacuole is 
at first immured in a thin layer of less fluid protoplasm, doubtless 
as the effect of contact with water (see p. 44) ; consequently the 
vacuole is not at first circular, but often spindle-shaped in its 
contours ; it soon, however, assumes a spherical form, indicating 
that its protoplasmic envelope has become liquefied. 

In cases where actively-motile organisms are devoured— as, for 
example, flagellates by amoebae — the prey can often be seen to 2 )er- 
form violent movements within the vacuole ; but soon the move- 
ments become feebler and cease entirely. Bacteria ingested by 
Paramecium become immobile about thirty seconds after the 
vacuole has become detached from the oesophagus. In many cases, 
however, the prey is killed when seized by the pscudopodia, and 
before being ingested, as in Heliozoa and Forarninifera. After the 
prey is killed it is slowly digested within the food- vacuole. 

During the process of digestion the food- vacuole may perform 
definite migrations within the body of the aninml. In amoebae the 
vacuoles are carried about by the currents of the protoplasm, 
without, however, pursuing any definite course, and they tend to 
become aggregated in the hinder end of the body, when the animal 
is moving in a definite direction. In the Infusoria, on the other 
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hand, tho endoplasm shows a constant rotating movement, known 
as “cyclosis.” In Paramecium tho vacuoles are carried round by 
the current of tho cyclosis, and each vacuole may either do a short 
course or a Jong course; the short course is simply round tho 
nucleus, keeping close to it, while the long course travels the whole 
length of the body, up one side and down tho other. As a rule a 
vacuole goes a short course two or three times, and then docs a 
long course (Nirenstein, 181). The path of tho vacuole varies, 
according to tho nature of the contents ; but the tendency is to 
keep them in tho region posterior to the nucleus, where tlio contents 
are eitlu^r cast out through the anal pore, or the vacuole circulates 
again in tho cyclosis. In Carchesium tho food- vacuoles, when 
formed at the base of the oesophagus, pass down to one end of 
the horscHhoc-shaped nucleus, and then glide close along its concave 
margin, passing round and up to tho opposite end of the horseshoe 
into tho region near the upper end of the vestibule, from whence the 
vacuole is finally emptied through an anal pore into the vestibule 
itself (Greenwood, 162). 

The process of digestion within tho food- vacuole has been studied 
by a number of investigators, amongst whom Lo Dantec, Greenwood 
(162), Metschnikoff (180), Metalnikoff (170), Nirenstein (181), and 
Khainsky (170-5), must be specially mentioned. Their results are 
not always in agreement, indicating that the process of digestion 
is not always tho same in different cases, even in the food- vacuoles 
of one and the same species. According to Nirenstein (181), the 
food-vacuoles of Tnfus^a exhibit changes which can be divided 
nto two periods : in the first the vacuole shows an acid reaction, 
and the ingested organistns are killed ; in tho second tho vacuole 
has an alkaline roaction,*and tho albumens arc digested. According 
to Khainsky (170-5), hoWver, the reaction of tho food-vacuoles of 
Paramecium is acid dusing the entire period of the proteolytic 
process, and only becomes neutral and finally alkaline when the 
solution of tho food-substance is at an end. 

In tho first or acid period, according to Nirenstein (181), the 
ingested food-particles — e.g,, bacteria — after being rendered im- 
mobile, are clumped together, enveloped in a turbid substance 
which makes their outlines indistinct. Tho reaction of tho vacuole 
is strongly acid, due to the presence of mineral acid in the vacuole. 
During this period, which lasts from four to six minutes, the vacuole 
diminishes in size, till it is not more than one-third of its original size. 
When the vacuole was first formed, its wall was surrounded by a 
number of granules which stain very distinctly with neutral-red ; 
these granules pass suddenly into the interior of the vacuole after 
it has become diminished considerably in size. Nirenstein regards 
the red-staining granules as bearers of a tryptic ferment. 
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In the second or alkaline period the vacuole enlarges rapidly to 
more than its original volume. The rod colour produced l)y staining 
with neutral-red disappears. The clumped food- mass breaks up into 
, smaller particles again. From the red-staining granules of the fii’st 
period deeply-staining spheres arise, homogeneous, rofractile, and 
apparently fluid (Nironstein, 181). According to Khainsky (170*5), 
the grains or droplets which are formed gather at the surface and 
pass out into the endoplasm ; they represent the first products of 
the assimilatory process in the vacuole, and their further clwmiciil 
transformation takes place in the endoplasm itself (compare the 
rofringent bodies formed in the process of digestion in acinetans, 
p. 458). According to Nironstein, however, thespiieres become smaller 
and smaller, being reduced to tiny grains which vanisli completely, 
dissolved in the vacuole-contents. The vacuole now diminishes in 
size a second time, and passes to the anal region, whore it fuses wi(h 
other similar vacuoles, and is finally rejected from the anal pore. 

In other cases, however, no acid reaction has been demonstrated 
in the vacuoles at any time, as, for example, in ActinospJKjerium — ^a 
pccuharity which is perhaps to bo correlated with the fact that in 
this form the prey is killed when seized by the pseudopodia. It may 
bo supposed that the processes which, in Infusoria, etc., go on during 
the fu’st or acid period of the food-vacuole, take place in Actino- 
spheerium and some other forms before the vacuole is formed, in 
which case the vacuole itself shows only the second or alkaline phase 
of the digestion. 

According to Greenwood and Saunders (103), any ingested particles oxcito 
the secretion of acid, but the true digestive vacuole is only formed under tlie 
stimulus supplied by nutritive matter. Metalnikolf (179), liowever, found 
that in the same individual some of the food-vaeuoles are lirst acid and then 
alkaline, while others are alkaline throughout in their reactions, and others 
again, but rarely, show an acid reaction throughout ; ho concludes that tlut 
living cell has the capacity of adapting itself to the food supplied, and of 
altering the properties of its digestive juices in accordance with its ro(piire- 
monts. The process is perhaps comparable to the manner in which the blood- 
cells produce different anti-bodies when brought into contact with diffenmt 
pathogenic organisms or toxins. 

The variety of ferments that have been isolated from different 
Protozoa also inc^ates that the digestion takes a different cemrso 
in different cases. In the plasmodia of Mycetozoa, a peptic ferment, 
which when acidulated dissolves fibrin, has boon isolated ; but since 
the protoplasm of the plasmodium has a distinctly alkaline rociction, 
it was thought by some that the ferment must bo without function. 
Motschrdkoff (180) showed, however, that the food-vacuoles formed 
in the plasmodium had a strongly acid reaction, in contrast to the 
protoplasm, and thus demonstrated the function of the peptic 
ferment in the digestion. In other cases tryptic ferments have been 
isolate4 (“ amoebodiastase,” etc.). 
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So mo doubt has existed as to the power possessed by Protozoa 
of digesting fats, and, according to Staniewicz (208), no digestion 
of fat takes place in Infusoria. According to the recent investiga- 
tions of Nirenstcin (182), liowever, Pararnecia under natural con- , 
ditions contain fat in more or less considerable quantities. By 
choice of suitable food, the quantity of fat in the endoplasm can bo 
increased greatly. The fat-granules serve as reserve-nutriment, 
and disappear under starvation. Pararnecia which have lost their 
fat in this way, if then fed with milk, oil-emulsion, or yolk of egg 
jubbed up in water, sho.w in a few hours the endoplasm full of fat- 
granules ; if fed with starch or particles of egg-albumen, the same 
result is obtained, but not to anything like the same extent. 
Experiments on fatty substances ingested by the animals showed 
that the fat remains unaltered during the first (acid) period of the 
digestion in the food-vacuole, and is digested during the second 
(alkaline) period. Feeding with fatty acid and glycerine also loads 
to storage of fat in the endoplasm. If fed with oil-globules stained 
with 8oudan 111., unstained oil-globules appear in the endoplasm. 
Nirenstein concludes from his observations that the fat is broken 
up into its soluble components in the vacuole, and synthesized again 
to neutral fat in the endoplasm. 

The indigestible residues of the food arc ejected from the body 
either at any point on the surface, in amoeboid forms, or through a 
definite aperture, in corticate forms. A great accumulation of 
fa>cal matter may take place in some cases, as in the “ stercome ” 
of Foraminifora (p. 233), of which the animal purges itself 
periodically, 

(c) Saprophytic arid Parasitic Nutrition. — In this type the 
organism absorbs its nourishment by diffusion through the surface 
of the body without the aid of any visible organs or structural 
differentiations of any kind. Practically nothing is known of the 
mechanism by which this is effected or of the chemical processes 
involved, but it is probable that enzymes secreted by the organism 
reduce the nutritive particles to a soluble form prior to absorption. 
There is reason to believe that the nucleus is specially concerned 
in the production of enzymes, and in many species, parasitic or 
otherwise, the behaviour of the nucleus indicates a relationship 
between it and the process of absorption of food-substance. In 
Carchesium, as already stated, the path along which the food- 
vacuoles travel runs close along the iimer edge of the horseshoe-shaped 
macronucleus (Greenwood, 162) ; in Euplotes, similarly, the large 
macronucleus encloses an area containing all the food- vacuoles 
(Fig. 182). According to Wallengren (214), the reactions of the 
food- vacuoles of Paramecium change as they pass the nucleus, and 
the function of the cyclosis in the endoplasm is to bring the food- 
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vacuoles near, and under the intiuence of, the nucleus. In the 
coccidian parasite Caryotroplm (p. 352), the nucleus of the ])anisit(^ 
is connected by a kind of protoplasmic canal with the nucleus of 
• host-cell (Siedlecki, 653). In the astoniatous Ciliata (p. 151) a 
diffuse nucleus is very commonly found, probably in relation to 
absorption of nutriment by the osmotic method. 

The process of nutrition in Protozoa may load in some cases, 
not to growth of the protoplasmic body directly, but to the pj-oduc- 
tion and storage of reserve food-subsLinces, which are precipitatcMl 
in the cytoplasm, and are utilized at a later period for rapid growth 
during reproductive phases. The reserve- materials deposited in 
this way vary considerably in nature in difforont cases. Examples 
are the paramylum-grains of many flagellates ; the paraglycog(;n- 
grains of gregarines and ciliates, similar in nature to glycogen, but 
with certain distinctive reactions ; the plastinoid granules of 
coccidia (p. 346) ; and other similar substances. In Radiolaria oil- 
globules and albumen - spheres occur. An important substance, 
acting apparently as reserve- material for the growth of the nucleus, 
is volutin (p. 68). 

The chects of starvation on Protozoa have been studied by a nujiiber of 
investigators, most recently by Lipska (173), who givi's a complete bibliog- 
raphy and resume of previous work on the subji'ct. Lipska found that 
Pamrmcium died after live to seven days, a much shorter pesriod than allowed 
by VValhmgreii (214) and others, indicating tliat Lipska's methods were mo^^ 
drastic and sources of food were more thoroughly excludi'd in h(‘r experiments. 
In the first period of starvation the reserves in tlie endoplasm ani used u{), 
first the food- vacuoles and their confeiiLs, then tlie smaller endoplasmic 
granules. After the fourth day the animal becomes deformed. Its dimensions 
diminish progressively, and death supervent^s when it lias lost half its initial 
volume. The ectoplasm with its cilia and trichoeysts undergo no change, 
but the endoplasm loses its food- vacuoles and a part of its crystals, and 
becomes very transparent. The macronucleiis becomes enlarged and bn^aks 
up into two halves. The micronucleus undergoes no change of any kind. 
Death is preceded by a progressive enfeeblement of ail functions, such as 
movements of the cilia and pulsation of the contractile vacuoles. According 
to Walleiigrori, the reactions of the Paramecium (geotaxis, thermotaxis, 
galvanotaxis) remain normal to the last. Wallengren described an excc^ssive 
vacuolation of the endoplasm as the result of starvation ; but according to 
Lipska this phenomenon is not due to starvation, but to the chemical action 
of ammoniacal products generated by bacteria pre.scnt in the infusions, and 
does not occur if they are exeluded. Other observers noted the occurrence 
of numerous conjugations during the first few days of starvation, but Lipska 
was unable to confirm this ; in her experiments, however, the number of 
Paramecia placed in each tube was small, not more than ten. Paramecia 
containing symbiotic alga? were more resistant to starvation than those; 
without them. 

2. Respiration.— By respiration in its widest sense must Ix) under- 
stood all processes in the organism whereby the potential energy 
stored up in chemical compounds of high complexity is sot free to 
furnish the energy required by the organism for its vital activities. 
This object may be effected in two ways — by processes of oxidation, 
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or hy the splitting up of complex cbemiGtil substances ; the result 
in either case is the production of energy in various forms and of 
simple chemical substances, such as water and carbon dioxide 
(compare Barratt, 148). For the j^r^^cesses of oxidation the • 
organism may cither absorb free molecular oxygen from its environ- 
ment, or may j)roduce it by internal molecular changes of substances 
contained in its own body, as in anaerobic organisms living in a 
medium in which free oxygen is lacking. 

Many free-living Protozoa require oxygen, and are visibly and 
rapidly affected by the lack of it, especially in their powers of 
movement. No special organs of respiration are found in any 
Protozoa, being unnecessary in animals of such small bulk, and in 
which, consequently, the surface of the body is considerable in 
proportion to the mass. The contractile vacuoles, when present, 
are doubtless a moans of eliminating carbon dioxide, together with 
other waste products, from the body. It must be supposed, there- 
fore, that as a general rule oxygon is taken up from the surrounding 
water by the protoplasm, of which the limiting membranes are 
freely permeable, and that the carbon dioxide is given olf in a 
similar manner. The experiments of Verworn (2 1 1 ) on Spirosiomum 
show that the respiratory processes take place in tiie cytoplasm, 
independently of the nucleus, which takes no share in respiration. 

On the other hand, many sapropelic (p. 14) and parasitic forms 
inhabit media lacking in free oxygen, and are anaerobic ; in such 
forms the respiratory processes of the protoplasm can only take place 
by intramolecular changes, in which the stored-up reserve- materials 
are probably split up to supply tlie required oxygen. 

The exi)erimoiit8 of Piittcr (201) on a number of species of Ciliata, both 
free-living and parasitic, showed that, when these animals were placed in 
an anaerobic environment, different individuals of tlie same species reacted 
very differently to the conditions, some dying very rapidly, others being 
(j[uite unaffected for a long time. It was shown further that this difference 
was related to the amount of reserve -materials present in the body (proteins 
and glycogen), which can be observed to vary greatly in different individuals 
from the same culture. If Paramecia wore first starved for some days and 
then placed in anaerobic conditions, they succumbed much more rapidly 
than normal individuals. Moreover, under anaerobic conditions the reserve- 
materials were used up much more rapidly than under normal conditions, 
and without resulting in increased production of energy. Opalina, when 
placed in a culture-medium to which albumen was added by boiling up dried 
white of egg in salt -solution, was able to make use of the energy of the albumen 
without the help of free oxygen, and so to live for a much longer time. The 
ciliates were found to succumb much more rapidly to the effects of anaerobic 
conditions in smaller than in larger quantities of water, as the result of auto- 
intoxication in consequence of the defective excretion of the products of 
anaerobic metabolism. Spirostomum was found to be more affected by 
anaerobic conditions in small quantities of water than Paramecium. The 
differences between the two forms is to be ascribed to the system of the 
contractile vacuoles, which is far more efficient in Paramecium than in 
Spirostomum ; the contractile vacuoles tend to remove from the body the 
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products of met-ubolism, a primary necessity of anaerobic life. The qucslion 
of size is also a factor, since deleterious substances may dilTuse from llie 
surfaces of the body, and in a small body tlie surface is greater in proportion 
^ than in a larger one. Consequently the conditions are more favourable for 
• a smaller species, such as Paramecium, than for a large form such as 
Spirostomum. ’ 

Excess of oxygon was found by Putter (198) to liavo an injurious olfcct 
on k'piroatomum, affecting, however, only the cytoplasm, and not (ho nucleus 
III the first instance. ’ 

On the current view that the symbiotic vegetable organisms present in 
many Protozoa aid in tiio respiratory processes by absorbing tiie carbon 
dioxide breaking it up, and setting fmo the oxygen, iho oxperimenis of 
Lipska (i7d) on ii culture of Paramecia which contained green ah^x‘ (I'roto- 
coccacca3) in their endoplasm arc of considerable intcriist. In^two glass 
vessels of equal size there were placed, in the one Paramecia with, in the other 
wit hout, the algm in tlieir body. Hydrogen was circulated through the vessels 
to drive out the air, after which they were hermetically sealed and exposed 
to the same conditions of light and temixmaturo. After fifty Jiours tl.o 
vessels were opened. The Paramecia without algm were dead but those 
containing algm were still alive, though feeblo in their movements, and they 
revived completely in about twenty-four hours after air had access to theni, 

Jn another experiment two batches of Paramecia were kept in the dark ; 
after eight days those without alga3 were dead, while those containing algtn 
were ixntectly normal. Old cultures of Paramecia containing algie showed 
no conjugation; Lipska explains this as duo to the inlluence of the alga«, 
Hinco, by sotting free oxygen, they prevent the developinimt of anaerobic 
bacteria \yhich produce substances toxic to the Infusoria. 

According to Popolf (185), the depression-periods of Protozoa (p. 208) are 
partly due to derangements of the respiratory processes and to accumulation 
of products of metabolism in the cell. 


3. Exerstion &nd S6Cr6tion. — ^Tho waste substances excreted from 
the protoplasm may bo either soluble or insoluble in nature. If 
soluble, they may either pass out of the protoplasmic body by 
diffusion from the surface, or may bo removed by the agency of the 
contractile vacuoles. 


Contractile vacuoles arc of common occurrence in free-living fresh-water 
rotozoa, but are usually wanting in marine forms, or, if they occur in them, 
^ley pulsate very slowly. They are generally absent also in entozoic and 
asitic 1 rotozoa, but are found, however, in some internal parasites— for 
xample, in all Anoplophrxjince (p. 452; C4pMe, 831). 
tn authors {e.g., Degen, 154) have described an investing membrane 
oy’ contractile vacuole, but it is practically certain that no such membrane 
hnl, vacuole is simply a drop of watery fluid lodged in, and 

oounaed by, the more viscid protoplasm, without any special structural 
Khainsky, 170*5). The contractile vacuoles were 
^^'^cd at one time to empty themselves internally, and to function simply 
cases in which they have been studied caro- 
y, it has been proved that they empty themselves to the exterior (compare 
Jennings, 167, Khainsky, 170*5). 

nrfic ^ changes of temperature is noted below (p. 206). Increased 

pre.ssure makes the pulse slower (Khainsky, 170*5). Degcn (154), experi- 
in^^ with Glaucoma colpidium, found that oxygen produced at first an 
crease in the frequency of the pulse, which soon became normal again, 
tin carbon dioxide diminished the frequency and caused a dilata- 

carh V ^cuole ; both these gases were lethal in their effect, especially 
on dioxide. Isotonic solutions of neutral salts had a retarding effect. 
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Substancos that precipitate albumens have a retarding effect combined with 
dilatation of the vacuole. Degen, following Hartog, regards the vaeuole as 
primarily a mode of eom})(m.salion for the tendency of the protoplasm to tak(' 
up water by imbibition, a tmidency checked or inhibited by changes in the ^ 
tonicity of the medium. 'I’lius Zuelzer ( 222 ) found that Ama^ba verrucosa, 
if transferred gradually from freshwater to sea- water, lost its contractile 
vacuoles ; at- the saniii time its protoplasm shrank and alten^d in character, 
and the nuchms acquired a different structure and appearance. When re- 
stored to fresh water, the contractile vacuoles reappeared, a-nd the nucleus 
and cytoplasm became of normal character. These experiments indicate 
that the formation of the contractile vacuoles depends on differences in the 
tonicity of the proto[)lasm and the surrounding medium ; they also raise the 
suspicion that many species of marine Protozoa may be only different forms, 
due to change of medium, of fresh-water si3ecies, or vice versa. 

For the excretory vacuole-system of Opdina, see p. 447 . 

Insoluble excretion- masses are often formed in great quantity in 
the bodies of Protozoa. Such substances take the form of crystals 
or grains of various kinds, and often of pigment. An example of 
such a substance is the melanin-pigment of the haimamooba) (p. 359), 
which .appears to be a derivative of the hemoglobin of the infected 
blood-corpuscle. Pigment may arise also by degeneration of 
superfluous chromatin extruded from the nucleus, as in Actino- 
spheemm (p. 209), or by degeneration of nuclei, as in abnormal 
oocysts of Cyclospora caryolyticu (p. 364). 

The cytoplasm of Paramecium contains crystals which have been studied 
by SelK^wiakoff ( 206 ), who finds that they consist of calcium phosph.ate, either 
(’a3(P04)2 or 0a2H2(P04)2. When the Paramccia were starved, the crystals 
disappeanal completely in one or two days ; if then the Paramecia were 
supplied with food again, the crystals reapixjared. Schowiakoff was never 
able to observe that the crystals were ejected from the anus, but they were 
seen to collect round the contractile vacuole. He is of opinion that the 
insoluble phosphate is dissolved in the enchylema, or is converted into the 
soluble form CaH4( 1*04)2, ^’^d then eliminated by the contractile vacuole. 

Insoluble cxcrction-masses may be simply extruded from the 
body, a process which commonly takes place at certain crises, as, 
for example, prior to encystment. Or, on the other hand, they 
may remain in the protoplasm, and are finally abandoned in the 
residual masses left over during reproductive phases, as seen com- 
monly in the sporulation of various types — for example, the 
haemamcebse already cited and other Sporozoa. In such cases the 
young individuals are formed of protoplasm free from the coarse 
excretion-granules, and the body of the parent, so much as is left 
of it, dies off and disintegrates. In some cases, however, the young 
individuals formed contain enclosures derived from the parent-body, 
as, for example, the crystal-bearing swarm-spores of Radiolaria 
(p. 264) ; but in such cases the enclosure is probably of the nature of 
reserve-material. 

Secretion, more or less rapid, of various substances can bo 
observed without difficulty in various Protozoa. Examples are the 
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spicules and various skeletal structures; the shells, housivs, ote. ; 
adhesive substances or stalks in sedeiitaiy forms, as, for (^xamplo, 
the non-contractilc stalks of many Vorticellids (p. 441) ; aivd the 
• cysts or envelopes secreted round the body, such as the sporotiysts, 
etc. The pseudopodia of many Amoebtea, such as DljJliifjin, are 
covered by a sticky slime which enables the animal to adhere to 
surfaces over which it creeps, and which can bo drawn out by 
contact with a glass rod into threads, like the miums of a snail 
(Rhumbler, 34). In Foraminifera and Heliozoa the ps(aidopodia 
appear to secrete a substance which holds the prey fast, and at the 
same time kills it, as already mentioned. Some Protozoa— for 
example, gregarines — leave a trail of mucilaginous substance l)ehind 
them as they move forwards, and by some authors this secretion 
has been regarded as the mechanism by which locomotion is effected 
(p. 327). Internal secretions in connection with the digestive 
function have been mentioned in a previous section. Aredla has 
the power of secreting gas-bubbles in its protoplasm for liydrostatic 
purposes (compare also the Radio laria, p. 252). 

4. Transformation o! Energy— (a) Moveme7it.—T\\o different motile 
organs of Protozoa have been described above, (k)nsiderod from a 
morphological standpoint, the protoplasmic body may exhibit, in 
the first place, no specially differentiated organs of movement, 
which then takes the form of currents and displaceirionts in the fluid 
protoplasm itself, manifested externally in the form of pseiidopodial 
processes or flowing movements of the entire body, internally as 
streaming movements in the protoplasm, Secondly, there may bo 
special organs of movement, either external, in the form of vibratilo 
organs, such as cilia, flagella, or undulating membranes ; or internal, 
in the form of contractile fibrils or myonemes. 

Different as pseudopodia may appear at first sight from vibratilo 
organs, such as cilia or flagella, there is nevertheless a very gradual 
transition from the one typo to the other (see p. 53, supra). Of 
pscudopodia there are two chief typos of structure — the lohopodia, 
in which a fluid core of endoplasm is enveloped by a superficial layer 
of stiffer ectoplasm ; and the axopodia, in which, on the contrary, a 
secreted axis of rigid or elastic nature is covered by a more fluid layer 
of protoplasm. The axopodia are connected by transitions both 
of structure and movement with organs of the vibratilo typo. In 
both flagella and cilia the structure consists of a firmer elastic axis 
covered over by a more fluid superficial layer (pp. 52, 54) ; many 
axopodia exhibit swinging, nutating, or bonding movements differ- 
ing only in degree from those of flagella (p. 51). There are grounds 
for believing the one type of organ to have been derived phylo- 
gonetically from the other. 

The streaming movements, of protoplasm have been the subject 
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of macli inrcstigation and discussion. The older view, Hliich 
ascribed thorn to contractility and assn mod a complicaf od stnicl ure 
it\ the protoplasm, has now been supersodotl generally by the thoorv 
connected more especially with the names of Quincko, Bertliol(i, 
BiitschJi (37), and Rhumhler (34, 35, 40, etc.), according to which 
differences of surface-tension are regarded as the efficient cause of 
Wie Blteaming movements of the pseudopodia and the protoplasm. 
The living substance is in a state of continual chemical change in 
every part ; such changes are sufficient to account, in one way or 
another, for the origin of local differences in the physical nature 
(adhesion) of the surface of the body in contact with the surrounding 
medium, or of internal protoplasmic surfaces in contact with 
vacuoles or cavities filled with fiuid ; and the resulting differences in 
suriace- tension cause flowing movements both in the protoplasm 
and in the fluid with which it is in contact. The relation of such 
curronis to the movements of pseudopodia has been discussed above 
(p. 47). Similar movements have been imitated artificially by 
Biitschli and Rhumbler in a manner which can leave no doubt that 
the physical analogy is a reasonable interpretation of the mechanism 
of amoeboid movement. 

The close structural similarity between flagella and cilia on the 
one hand, and the axopodia on the other, makes it highly probable, 
to say the least, that the same explanation of the movement applies 
to both. The axis of the vibratile organ is commonly regarded as 
a firm, elastic, form-determining structure ; the more fluid sheath 
as the scat of the motile activity. Chemical differences sot up in 
the limiting membrane, causing differences in the surface-tension of 
the sheath along certain lines, have been supposed to be responsible 
for a deformation of the sheath, bending the axis and the whole 
organ with it ; with equalization and disappearance of such differ- 
ences, the elastic axis straightens itself again. How such chemical 
differences arc set up remains to be explained ; possibly they origi- 
nate in chemical changes taking place explosively in the basal 
apparatus of the vibratile organs ; in any case it is clear that, as com- 
pared with psoudopodia, they act with extreme rapidity, and, further, 
that they are localized on the surface of the flagellum or cilium. 
From the movements of these organs, the contraction appears to run 
a spiral course as a general rule — ^at least in cilia (p. 54) ; flagella, 
however, appear to bo capable of various kinds of movements (p. 52). 

According to Prowazek (192), tho flagellum of a trypanosome only retains 
its motility so long as it remains in connection with the kinetonucleus. Wer- 
bitzki (526), however, has succeeded in producing strains of trypanosomes 
without kinetonuclei, and with apparently no resulting loss of motility. It 
has been observed frequently that detached cilia or flagella continue to 
contract, for a time at least ; and Schuberg (44) denies that the basal granules 
of the cilia function as centres of kmetic activity. 
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With regard to the contractility of the myonemca, no detailed explanation 
can be offered at present. Biitschli (37) has shown the possibility of explaining 
tb(‘ contractile mechanism of such structures by differences in surface-tension 
arising between the walls and the contents of protoplasmic alveoli which 
• are disposed with a definite arrangement. 

(h) Other Forms of Energy. — Light-production or phosphorescence 
is a common phenomenon in marine Protozoa, a property expressed 
in such names as Noctiluca (p. 279) and Pyrodinium (p. 278). The 
magnificent phosphorescent effects often seen at night, especially 
in warmer seas, is to be referred chiefly to swarms of Protozoa. 
The source of the luminosity appears to reside in small globules of 
fat or oil, and is probably the result of oxidation. It is easy to 
observe that the production of light is stimulated by agitating or 
stirring the water. For a general discussion of luminosity in Jiving 
organisms, see Piitter (200). 

From the analogy of the known facts in the physiology of animal 
and plants, it may bo inferred that in Protozoa also the vital 
activities arc accompanied by the production of heat and by 
electrical changes ; but no exact determinations of such changes 
have been made. 

5. Reactions to Stimuli and Environment.™ It can easily be 
observed that Protozoa react in a definite manner to stimuli, and 
behave in a particular way under certain conditions. In most 
cases, however, these responses to external conditions must be 
regarded as fundamental properties of the living protoplasm, and 
not as functions of specially differentiated organs of the body. 
This is well seen, for example, in ammboo, some species of which are 
very sensitive to light, and cease feeding wh(m exposed to the 
bright illumination of the stage of the microsco])o (Rhumbler, 34). 

In Arcella the nuclear division is stated to take place only at night, 
between 1 and 5 a.m. (Khainsky, 145). In such cases, how'ovor, 
there is nothing which can bo identified as a special light-perceiving 
organ. 

In other cases Protozoa may possess organs which must bo regarded 
as sensory in nature. Pseudopodia appear to possess in many cases 
a tactile or sensory function to a marked degree, and sometimes to 
be specialized for such functions, as, for example, the anterior 
pseudopodia of some Myxosporidia, such as Leptotheca agilis 
(Fig. 165). The same is true to a much greater degree of flagella 
and cilia ; anteriorly-directed flagella are perhaps always sensory in 
function, especially when they are not the sole means of locomotion, 
as in such forms as Rhizornastigina (p. 268) or Bodonidee (p. 270) ; 
and in many Ciliata stiff tactile bristles occur (p. 446). In many 
flagellates organs are found which appear to be specially sensitive 
to light, in the form of pigment-spots or stigmata, which are 
described further below, 
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Tho occurrenco of a conducting nervous apparatus is more 
doubtful ; it has been affirmed for Stentor by Neresheiim^r (p, 446), 
but is not confirmed by other observers. It can at least be asserted 
that in the more highly organized Ciliata a stimulus may lead to 
sudden movements in which different sets of contractile structures 
take a concerted part. 

Tho reactions of Protozoa to stimuli have boon the subject of a 
great deal of experimental research by many investigators, amongst 
whom Verworn, Loeb, Jennings (165), and Putter (199), deserve 
special numtion. The results of these investigations can only be 
summarized briefly here. The various reactions are classified in the 
first instance, according to the nature of the stimulus, by the use of 
a terminology in which each principal category is denoted by a 
word terminating in taxis, or in adjectival form — tactic. Thus wo 
can distinguish — (a) Chemotaxis, or reactions to chemical stimuli ; 
(5) Phototaxis, or reactions to light ; (c) Thormotaxis, or reactions 
to heat or cold ; (d) Barotaxis, or reactions to mechanical stimuli ; 
and (e) Galvanotaxis, or reactions to electrical stimuli. A given 
Protozoon may bo quite unaffected by a particular stimulus ; or, on 
tho other hand, it may be affected by it in such a way that it tends 
to move towards tho source of tho stimulus {positive taxis) or away 
from it (negative taxis). The result depends, in many cases, on 
tho intensity of the stimulus applied ; thus, a Kuglena will move 
towards a moderate light (positive phototaxis), but away from a 
too intense illumination (negative phototaxis). In each case an 
optimum condition exists, in which the positive taxis roaches its 
maximum. 

In such experiments the Ciliata are the objects of choice, on 
account of the definite polarity of their movements as compared 
with forms less highly organized, such as amoeba. In the Ciliata 
a negative taxis results in an “ avoiding reaction ” (Schreck- 
bewegung), in which the animal shrinks back with reversal of the 
ciliary movements, “ turning towards a structurally-defined side, 
followed by a movement forward ” (Jennings). Repeated experi- 
ments have shown that the forms taken by the avoiding movements 
do not depend on tho nature of the stimulus, but on the organization 
of the animal itself, and are always the same for a given species. 
An Oxytricha, for example, turns always to the right, whatever the 
direction from which the stimulus comes. The movement is deter- 
mined automatically by the structure of tho body. “ The same 
symptom can bo called forth by the most diverse stimuli ” (Putter, 
199). 

hTe various taxes may now be considered briefly : 

(a) Chemotaxis and Ejects of Environment . — This category in- 
cludes reactions to liquids or gases diffused in tho water ; reactions 
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to gases may bo considered as equivalent to a sense of smell in 
higher organisms (osmotaxis). 

It has been shown by many experiments that a given specie's is 
• attracted towards certain chemical substances, repelled by otlu'rs. 
Thus, Paramecium is attracted towards weak acids, but re})elle(l bv 
them in greater concentration. If a drop of acid of suitable strength 
is placed in the midst of a number of Paramecia distributed evenly 
in the water under a cover-slip on a slide, they tend to gather round 
the drop. As the drop diffuses in the surrounding water, the 
Paramecia arrange themselves in a ring in the region of optimum 
concentration. If, however, the drop of fluid employed is of a 
strength which represents the optimum of chemotaxis for the species, 



Fig. 83. — Diagram showing the course taken by a Paramecium which has entered 
a drop of iluid to which it is positively chemotactic. The forwartl movements 
of the Paramecium are indicated by arrows ; its backwaid movements by 
dotted lines ; the outline of the drop of fluid by a circle. Each time the 
Paramecium, in its forward movement, reaches the confines of tlic drop, it 
comes into contact with fluid which is less j)ositively chemotactic than the dro}) 
into which it has entered ; it then shrinks backward (avoiding reaction), after 
which it moves forward again with the same result every time it reaolu^s the 
edge of the drop. After Lang (10). 

the Paramecia gather within it, and in such a case the position taken 
up by each Paramecium depends on the avoiding reaction made by 
it when it comes in contact with a less attractive medium. Thus, 
if a Paramecium, swimming in a straight line, enters a drop of fluid 
which is positively chemotactic to it, when it has crossed the drop 
to its opposite boundary it comes to the region where it meets with 
fluid which is less chemotactic to it ; it then shrinks back with an 
avoiding movement ; after a time it again moves forward, and comes 
again into the negatively chemotactic region, with the same result 
as before. Thus its movements are as if caught in a trap (Fig. 83), 
in which it is held by the automatic movements called forth by the 
difference between the more and the less chemotactic fluids, until 
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tlio difforonces fllowly disappoiir ])y the difTuaion of tho one liquid 
into the other. 

Chomotaxis is a ])henomonon Avhieli is ol>\dously of tho greatest 
imp()rt;ance in tho natural life of tho organism. It comes into play in 
tho search for food and in sexual attraction, for example. It has long 
been known that certain J’rotozoa anj attracted towards food- 
substances, especially those species which feed more or loss 
exclusively upon certain particular foods. Plasmodia of Mycetozoa, 
for example, “scent” their food from a considerable distance, and 
move towards it. 

Rhumblcr (.34, 204) has studied tho ingestion of food by amaba\ and has 
mad(i a number of oxiK’irimcnts on the manner in which drops of fluid take up 
or cast out solid particles. Thus, a drop of chloroform suspendtal in water 
draws into ifs interior a glass .splinter coated with shellac when brought into 
contact with it ; after a time the coating of shellac is dissolved in the chloro- 
form, and tho glass splinter is then ejected from the drop. This experiment 
furnishes data for a mechanical explanation of tho ingt'stion of food and 
eject ion of fiecal matter ; and it might be expected that amtcbie in Nature 
would ingest mechanically, and as it were helplessly, many substances of a 
useless kind with which they are brought into contact. This may occur 
expiwimentally when amoebic arc brought into contact with sul)stances of 
no nutritive value ; Rhumbler ob.scrv(Hl an ama^ba whidi ingested earminc- 
particles until it died. In Nature, however, there can bo no doubt that 
amoeba) exertii.se a certain choice or .selection in the food tliey ingest, doubtless 
as tho tiffect of rlicrnotactic reactions (compare Jtinnings, 108). In the 
Ciliata, however, tiioro appears to bo no selection of the food- part ides wafted 
down tJio tesophagus except as regards their size (compare Greenwood, 102). 
Purely mechanical reactions, on the other hand, may possibly explain the 
apparent selection which many Protozoa exhibit in building up houses of cer- 
tain sjxicial materials (p. .34). 

Chcmotaetic reactions to particular substances must play a largo part 
in determining t he migrations of certain parasitic Protozoa towards particular 
organs of the body in which they are parasitic, in so far as such migrations 
are not purely passive on the part of tho parasite, or determined to some extent 
by rheotaxis (see below). 

The attraction of gametes to one another can hardly bo effected by any- 
thing but chemotaxis. It is well known that the antherozoids of tho fern- 
prot hallus are positively chemotactic to malic acid, which is secreted by the 
oogonium. In Coccidium schuhergi, Schaudinn (99) observed that the macro- 
gamete, as soon as it had expelled its karyosorae, but not before, became 
attractive to the microgametc. 

Tho effects of drugs and reagents on tho activities of tho Protozoa is a 
field of investigation which cannot bo dealt with in detail here. Some 
reagents have a quickening effect on the movements, others the contrary. 
Narcotics, on tho otlier hand, such as alcohol, ether, etc., may at first have 
a stimulating, later a deleterious, action on the vital activity. Minute doses 
of alcohol, according to Woodruff (216), diminish the rate of division at one 
period, augment it at another, of the life-cycle, but in the latter case the rate 
is not continuous, but decreases again ; increase in the amount of alcohol 
will, however, again cause a more rapid cell-division for a limited period. 
Thyroid extract is stated to have an attractive effect on Paramecium, and also 
increases its capacity for reproduction (Nowikoff, 183). For the effects of 
other drugs and poisons, see Giemsa and Prowazek (159), and Prowazek 
(191, 192, and 195). In the same culture different individuals often exhibit 
different powders of resistance to the effects of reagents. 
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(b) Phototaxis and Effects of Light and Other Rays. — ^Many Pro- 
tozoa appear quite indilTerent to light — at lea«t of ordinary intensity ; 
others show a very decided rojiction, as ah-eady nientioned, citlier 
negative or positive. Thus many ammbie, Pelomyxa, etc., are 
negatively phototactic, and pass at once into a condition of rest 
and inactivity when exposed to light. According to Mast (170), a 
sudden increase in the intensity of the illumination inhibits move- 
ment in Amoeba protem; but if the illumination remains consttint, 


movement begins again in a few moments. 
If the illumination is very gradually in- 
creased, it produces no response. In 
strong light Amoeba proteus orientates 
itself, producing pscudopodia only on the 
less illuminated side. 

Many flagellates, on the other hand, 
especially the holophytic forms such as 
Dinotlagellatcs, Phytomastigina, Eugle- 
noids, etc., show the opposite reaction, 
moving towards the light or becoming 
active when exposed to it, and i)assing 
into a resting state in the dark. The 



positive phototaxis of the holophytic 
Protozoa has an obvious bionomical sig- 
nificance, since the holophytic nutrition 
can only proceed in the presence of light. 

Ill the majority of holophytic flagellate.^ the 
phototactio reaction is associated with the 
poss<.!Ssion of a s|x;cial organ, the stigma or 
“eye-spot.” The stigma of Euglena consists 
of a protoplasmic ground-substance forming a 
fine network, in which is embedded pigment 
in the form of drop-like bodies. The pigment 
granules are brightly rcfractile, with a distinct 
outline, and form a single layer. In some cases 
the granules are spherical and all of the same 


Fio. — A, Aiiicrior end of 
JCiu/lena viridin. //., Jdagcl- 
luni ; (£S., (Bsopliagus ; hi., 
thick(aiing (hlepharoplast V) 
oil one of the two roots of the 
fiagollum ; st., stigma ; rk, 
the two roots of the Jlagelliim 
passing through the reservoir 
(if) of the contractile vacuoles, 
two to be attached to its 
opposite side. It, Ktigina in 
surface view, highly magni- 
fied, showing the pigment- 
grains imbedded in a proto- 
plasmic basis. After Wager 
(213). 


size ; in others they arc more irregular in form and of different sizes. The 


pigment apj[)cars to be a derivative of chlorophyll. The stigma is in close 


contact with a well-marked thickening on one of the two branches into 


which the flagellum bifurcates at its base. Wager (213) suggests that this 
thickening (blepharoplast ?) is a specialized sensitive organ which is stimulated 
by the light-absorbing pigment-spot, the stigma, and that in this way the 
reaction of Euglena to light is determined. Euglena swims towards a moderate 


light, but away from strong sunlight. If kept in bright sunlight it comes to 
rest, rounds itself off, and ultimately becomes encysted. 

The blue and violet parts of the sixjctrum exert the strongest stimulus 
on flagellates. In the case of Amoeba profe«w,Mast (176) found the blue rays 
nearly as efficient as white light in causing reactions, but violet, green, yellow, 
and rod, to bo but slightly active. Paramecium and some other Protozoa are 
stated to react only to the ultra-violet rays. 

The effect of radium-rays upon various Protozoa has been investigated 
by Zuelzer (221). Some species are more affected by them than others; 
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Ammha Umax, for example, was very resistant to the rays, while other Protozoa 
wore very soon injured by them. In all cases long exposure to the rays was 
fatal. The first effect of tlie rays was generally to quicken the movements; 
the next was an injurious action. The rays apjwar to act more particularly 
upon the nucleus in the first instance, with subsequent gradual deleterious 
effects upon the cytoplasm. 

In experiments on the effect of Roritgon-rays on Paramecium and Volvox 
(Joseph and Prowazek, 1G9), these forms were found to exhibit a negative 
taxis, collecting in ten to fifteen minutes in a part not exposed to the rays. 
Exposure of Paramecium to the rays cau.scd the pulse of the contractile 
vacuoles to become slower to a marked degree as a rule, but individual 
variations wore obs(!rved in this reaction, the effect being inconsiderable in 
some cases ; and the animals gradually regain the normal pulse. Intra vilam 
staining of the nucleus of Paramecium exposed to the rays gave a result similar 
to that obtained by staining Paramecia fatigued by being shaken evenly and 
continuously for two hours. Long-continued action of the rays killed the 
organisms. 

(c) Thermotaxis and Effects of Temperature , — For a given species 
of tlic Protozoa there is an optimum temperature at which its vital 
activity is at its highest pitch, and above which the activity is 
diminished until it reaches a point at which the vitality is impaired 
and the animal is finally killed. A temperature, however, at which 
the animal succumbs sooner or later may at first have a quickening 
effect upon the vital functions. Thus, many experinumts have 
shown that a rise of ternperaturo increases greatly the rapidity and 
frequency of the pulsations of the contractile vacuoles ; and in the 
case of Glaucoma colpidium Degen (154) found that, although tho 
animal was killed by a temperature above 30'^ C., tho maximum 
frequency of the pulsations was produced temporarily by a tempera- 
ture of 34° C., above which the frequency was rapidly diminished 
(compare also Khainsky, 170'5). 

The optimum temperature may, however, be different at different 
stages in the life-cycle, as in parasitic Protozoa which infest a warm- 
blooded and a cold-blooded host alternately ; in such cases a change 
of temperature may perhaps be a factor in bringing about develop- 
mental changes. In free-living Protozoa the phases of the life-cycle 
are often related to seasonal changes, and are probably induced 
largely by conditions of temperature. 

Experimentally it has been shown that Protozoa tend to move towards 
regions of more favourable temperature, and away from those less favourable. 
Khainsky (170*5) found that rise of temperature produced a quickening of 
the digestive processes in Paramecium, very marked at 24° C. or above. At 
30° 0. and above Paramecium takes up scarcely any more food ; tho contents 
of the food -vacuoles, which continue to be formed, then consist almost entirely 
of water. 

The effects of temperature on the development in cultures are very marked. 
Popoff studied the growth of Frontonia leucas in cultures kept at 14° C. and 
25° C. respectively ; at the lower temperature tho animals divide once in 
about eighty or ninety hours, in the warmer culture once in about seventeen 
hours ; in the cold both the nucleus and the body grow to a size absolutely 
larger than in the warmth, but in the former case the nucleus is about 
in the latter about the bulk of the whole body (Hertwig, 92). In the case 
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of Actimsphmrium, tho ox{Kirimcnts of Smith (207), Mackiimou (174), and 
Boisscvaiii (151), show that increased temperature hastens on encyslnuMit, 
and causes fewer and larger cysts to bt^ formed in which the nuclei are largc'r 
but {)oorcr in cliromatin ; while at lower temjKiratures the encyst nunit is 
, retarded, and finally inhibited altogether, and the cysts proiluced are snialler 
and more numerous, with nuclei smaller than the normal but ricli in ehromat in. 

(d) Barotaxis and Effects of MecJuinical Stimuli ~T\m catt^gory 
includes Geotaxis, or reactions to gravity ; Thigniotaxis, or reactions 
to tile mechanical contacts of hard surfaces ; and Rheotaxis, or 
reactions to tho pressure of currents in tho surrounding medium. 
The influence of gravity is seen in the manner in wliich many 
Protozoa, when placed in a vessel, seek of their own accord the 
bottom in some cases, the surface-film in others. The plasmodia of 
Mycetozoa exhibit often a well-marked rheotaxis, and move in the 
opposite direction to currents of water. It has been suggested that 
a similar rheotaxis may explain tho passage of blood-parasites from 
the invertebrate to tho vertebrate host during tho act of blood- 
sucking ; but it is probable- that such migrations are purely passive, 
so far as the parasites are concerned. 

[ 'Contact-stimuli acting from one side often have a marked effect 
on the movements of Protozoa. An anneba tends to adlu^rc to, and 
spread itself over, a firm surface with which it comes in contact. 
The movements of Ciliata often cease when tliey come in contact 
with a firm substance, and tho animal remains still ; Piitter (107) 
has shown that the contact-stimulus may bo sufficient to prevent 
a Paramecium from reacting to thermal or electric stimuli, which 
would otherwise produce a marked effect upon its movements. 

Under effects of mechanical stimuli must Ix) included those brought about 
by changes in the tonicity of the surrounding medium. Such effects hav (5 
already been discussed above as regards their action on the contract ile 
vacuoles. For tlui remarkable cxjxjrimenfs of V<!rworn on the change, in 
body-form and in tho nature of the pseudopodia exhibited by anuebaj under 
the action of different media, see p. 217, infra. Free-living I’rotozoa are 
probably seldom if ever subject to such changes, though they might well 
occur in the environment of marine forms living near the upper limit of th (5 
tide-marks, in rock-pools, or other places when*, the tonicity of the medium 
might be lowered temporarily by influx of fresh water, as the result of rain 
or other natural causes. On the other hand, parasitic forms, and esp(>cially 
those which pass from one host to the other, may be subject to rapid changes 
of tonicity in their environment. In this connection special interest attaches 
to the experiments of Robertson (503) on fish-trypanosomes ; it was found 
that in undiluted blood or in blood diluted with isotonic solutions the 
trypanosomes underwent no change in vitro, but that when tho blood was 
diluted with water the trypanosomes multiplied by division, and went through 
changes similar to the first stages of the natural development in the leech. 
It was concluded, therefore, that the principal stimulus which initiates the 
developmental changes in the organism was a lowering of the osmotic tension, 
with consequent absorption of water by the protoplasm. Neumann (077) 
also fpund that the “ exflagellation ” of the Pro/co«oma- parasite of birds was 
greatly furthered by addition to the blood of not more than one-fifth of its 
volume of water. 
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(e) Oalvanolaxis and Effects of Electrical Stimuli. — Protozoa 
placed in an electric field — that is to say, in a drop of water between 
the two polos of a battery under a cover-glass on a slide — are 
affected to a marked degree, but with opposite results in different • 
species. Opalina places itself parallel to the direction of the current, 
witli its anterior end towards the anode. With a current of 
moderate intensity it swims towards the anode ; but with a stronger 
current the speed at which the animal moves is diminished, and 
with still more increased strength of current it is carried passively 
towards the kathode, with its hinder end forward, as the result of 
kataphoric action (Wallengren, 215). Chilomonas behaves in a 
similar manner. Paramecium and Golfidium, on the other hand, 
move towards the kathode. Spirostomum with a moderate 
current also moves towards the kathode, but with stronger currents 
it first contracts its myonemes spasmodically, and then takes up 
a position transverse to the direction of the current, and remains 
still. 

According to Wallengren (215), the apparently different galvano- 
tactic phenomena exhibited by different ciliates admits of a uniform 
explanation, by a combination of two effects. In the first place, 
in the half of the body turned towards the kathode tlie expansion - 
phase of the ciliary movement is stimulated ; in the anodic half of the 
body, the contraction-phase is stimulated. In the second place, tlie 
turning movements of the ciliates are determined mechanically 
(compare the “ avoiding reactions ” mentioned above), and may be 
effected cither by the expansion or by the contraction of certain 
cilia. Consequently, if the turning movements are effected by 
beats of expansion, the animal places itself automatically in a posi- 
tion in which it moves towards the anpde ; if beats of contraction 
are effective in the turning movement, it moves towards the 
kathode. According to Statkewitsch (209), the galvanotactic re- 
action is one which overcomes cliemo tactic stimuli, and leads the 
animals irresistibly into toxic media in which they are killed. 

0. Degeneration and Regeneration.— The fact that under certain 
conditions Protozoa undergo a process of physiological degenera- 
tion, which may end in death, has been observed frequently by all 
those who have kept cultures of Protozoa under observation for 
a long time. It has been pointed out in a previous chapter (p. 135) 
that the life-cycles of Protozoa exhibit depression-periods (Calkins) 
which are characterized chiefly by cessation of feeding, metabolism, 
growth, and reproduction, together with increase in the size of the 
nucleus, and tendency to deposition of grains of fat or other sub- 
stances in the protoplasm, giving the lx)dy a characteristic dark- 
grey appearance. Such periods recur regularly and apparently 
normally in the life-cycles both of Protozoan and Metazoan cells 
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(Popoff, 184) ; they may also be induced artificially in various 
ways by unfavourable conditions, such as overfeeding or starvation, 
changes of temperature, or treatment with reagents (compare 
•Srnitli, 207 ; Popoff, 186 ; Boissevain, 151). 

A state of depression may be regulated naturally by conjuga- 
tion, or by restoration of the nucleo-cytoplasmic balance through 
a process of self-regulation on the part of the organism. The 
regulative processes consist of absorption of a large part of the 
superfluous chromatin, so as to restore the normal quantitative 
relation of the nucleus and cytoplasm. On the other hand, the 
depression may lead to complete degeneration of the organism 
Avithout possibility of recovery, and death ensues by a process of 
disruption of the protoplasm into granules — so-called “granular 
disruption ” (korniger Zerfall). Some examples are given below : 

Actinos'pho&rium can bo brought into a condition of depression oitlu’r by 
starvation or overfeeding (tiertwig, 104). In the doj)r(^ssod slab? a great 
quantity of chromatin is extruded from the nuclei in the form of ehromidia 
which degtmerate into pigment, so that the animal during a depression- iXiHod 
has a charaeti^ristic brownish tint, more or less pronounc(‘d in proportion 
to the d(5grce of depression. In extreme cas<^s the protoplasm is Ix'reft of its 
nuclei, and becomes incapable of continuing to live. The nuchu may become 
entirely resolved into ehromidia ; or some of the nuclei grow to a relal iv(4y 
gigantic size and are cast out, while other nuchu break up; or tlu^ ('ntire 
medullary layer surrounding the enlarged nuclei may be thrown olf. The 
pseudopodia may disappear altogether or become deformed in various ways, 
the difference between cortical and medullary substance may Ixn annulled 
or abnormally increasi^d, and the metabolism may bo modilied, all these 
changes t)eing in relation to nuclear alterations. 

In Opalim, according to Dobell (155), physiological degeneration can bo 
induced by starvation of its host, the frog. The degenerating Opalince lose 
their cilia and become irregular in form ; peculiar refringent eosinoj)hilo 
globules apjKjar in the cytoplasm ; the nuclei undergo incniase in size and 
modification in structure, give off chromatin, and undergo irregular fusions ; 
and the body divides irregularly, sometimes producing buds which contain 
no nucleus. Ultimately the Opalinoi disintegrate. 

Prandtl (187) has described the degeneration of Amoeba proteus. The 
nucleus increases in size and becomes hypcrchromatinic. Chromidia are 
extruded into the cytoplasm, and may there degenerate, with formation of 
numerous small crystals. The chromatin in the nucleus also degenerates 
to form a mass of brown pigment, which is extruded en bloc into the cyto- 
plasm, or forms a ring of fine granules round the nucleus. The pigment may 
also spread through the whole cytoplasm, giving it a brownish tinge. Finally 
the nucleus breaks up and disappears altogether. Degenerating amcebaj arc 
subject to the attacks of parasites. A noteworthy feature is the tendency 
of the degenerating amoebae to a.ssociate in clumps, and plastogamic fusion of 
two amoebae was observed by Prandtl. The tendency to fusion may be 
compared with the agglomeration of trypanosomes, etc. (p. 128), which is 
common also in degenerating forms or under unfavourable conditions.* It 
is not improbable that many of the plastogamic unions of Sarcodina often 

• The “ conjugations ” observed by Putter (201, p. 582) in Opalinae kept 
without oxgyen must have been also phenomena of the nature of agglomeration, 
since in Opalina syngamy takes places between special gametes, and not in the 
form of conjugation of adult forms as in other Oiliata (p. 453). 


14 



210 THE PROTOZOA 

described may be phenomena of agglomeration associated with a similar 
condition. 

In Radiolaria, Borgert (152) describes fatty degeneration affecting the 
nucleus as well as the protoplasm, both endoplasm and ectoplasm. The 
nucleus becomes converted entirely into a vesicle tilled with a mass of fat-« 
globules, or into a number of such vesicles. 

In Tocoj>hrya quadrijmrtifa subjected to starvation, after the rofringont 
bodit's (p. 458) have been absorbed, the nucleus becomes modified in structure, 
the tentacles are retracl<‘d, active budding takes place, and with the last bud 
formed the nucleus di.sappears and tlu^ remaining protoplasm dies away. 

From a consideration of the various examples of degeneration 
from differmit causes, it appears that the first part to bo affected 
is always the nucleus, and that the other derangements of the 
structure and functions of the body are secondary consequences 
of an abnormal condition of the nucleus. 

The regeneration of lost parts of the cell-body of Protozoa has 
been the subject of experiment by a great number of investigators. 
The methods employed have consisted mainly in mutilating the 
body or cutting it up in'o a number of pieces, in order to find out 
to what extent the fragments possess the power of regenerating the 
lost parts. The experiments have led to one very definite result, 
which can be expressed briefly : no separate part of the body is 
(capable of continuing its vital activities indefinitely, or of regenera- 
ting any of the deficiencies in the structure of the body, if it does 
not contain the nucleus or a portion of the nucleus. Non-nucleated 
fragments may continue to live for a certain time ; in the case of 
amoeba such fragments may emit pseudopodia, the contractile 
vacuole continues to pulsate, and acts of ingestion or digestion 
of food that have begun may continue ; but the power of initiating 
the capture and digestion of food ceases, consequently, all growth 
is at an end, and sooner or later all non-nucleate fragments or 
enucleated bodies die off. A Polystomella which possesses a nucleus 
can repair breakages to the shell ; an individual deprived of its 
nucleus cannot do so (Verworn). On the other hand, an isolated 
nucleus, deprived of all protoplasm, dies off ; but a small quantity 
of protoplasm containing the nucleus or a part of it is able in some 
cases to regenerate the whole body, and to produce a complete 
individual of small size. 

In experiments on regeneration the Ciliata are the objects of choice ; their 
complicated structure permits the regeneration that has taken place to be 
estimated accurately ; their size renders the mutilation more easy to perform ; 
and the large size and frequently extended form of the nucleus makes it 
possible to divide up this body also. In recent experiments Lewin (171) 
has succeeded in dividing Paramecium into a number of fragments (“ mero- 
zoa ”), containing each a portion of the macronucleus. Ojily one of the 
morozoa obtained in this manner contains the raicronucleus, which is too 
minute to be divided by a mechanical operation. Except when the Paramecium 
was in process of division, only one merozoon recovered the normal body- 
form and proceeded to divide ; and the interesting result was obtained that 
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the merozoon which survived was not necessarily the one which contained the 
micronucleus. Regenerated individuals multiplied for a numljcr of gt'iiera- 
tions, producing a culture of “ amicronueleato ” Pammecia. If, on llu^ oilier 
hand', a Paramecium in process of division was halved, each half n'gciK'ralcd 
•the mitire body and was capable of division. These exixu’imenls indicate 
that Paramecium contains a division-centre indeiKmdent of the nuclei, and 
that ils presence is necessary for regeneration of the body. 

Prowazek (189) observed occasionally a certain jxiwer of regmieration in 
non-nucleated fragments of SterUor, but considered it possible lliat itxlra- 
nuclcar chromatin might have b<xm present. The same author (190) ob- 
served abnormal regeneration, leading to monstrosities with tliri'c liindercnds, 
in a culture of Slylonijchia myiilns during a (h^pression- period wliieh led finally 
to the extinction of the culture. The recent ex|x?riments of Lewiii (172) on 
Stylonychia mytiluH sliow tliat, in the regeneration which follows arlilicial 
mutilation, multiplication of micronuclei may occur, with the result, that t lie 
regenerated individual may have morc^ micronuclei tlian the number typical 
of tlie species or rac(\ 
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CHAPTER XI 


SYSTEMATIC REVIEW OP THE PROTOZOA : THE SARCODINA 

As stated in Chapter I., the Protozoa are commonly divided into 
four principal classes. Of these, two~namely, the Sarcodina and 
Mastigophora — may be regarded as the more primitive groups, 
comprising the main stock of less specialized and typical forms 
from wliich the other two classes have been evolved. The Sporozoa 
are an assemblage of exclusively endoparasitic forms exhibiting 
clearly the modifications and adaptations induced by, or necessary 
for, their particular mode of life ; and it is practically certain that 
tlie Sporozoa are not a homogeneous class showing mutual affinities 
based upon a common ancestry, but that one section of tlio group 
is a specialized offshoot of the Mastigophora, the other of the 
Sarcodina, and that the two sections are united only by characters 
of convergence due to the influence of a similar mode of life. The 
Infusoria, on the other hand, are a specialized group in whi(ffi great 
complexity of organization has been attained ; they are the highest 
class of the Protozoa, and furnish examples of the most extreme 
degree of structural differentiation of which a unicellular organism 
is capable. 

While there is but little difficulty, as a rule, in defining the classes 
bporozoa and Infusoria, or in assigning members of these groups 
to their proper systematic position, the case is different, very often, 
when we have to deal with the other two classes. The verbal 
distinction between them is based chiefly on the use of the word 
“ adult Sarcodina are Protozoa which have no permanent organs 
of locomotion in the adult condition, but move by means of pseudo- 
podia extruded from the naked protoplasmic body ; Mastigophora, 
on the other hand, bear organs of locomotion in the form of flagella 
in the adult condition, whether the protoplasmic body is naked 
and amoeboid or corticate and of definite form. In both classes the 
youngest stages may be flagellate; if, in an amoeboid form, the 
flagella arc retained in the adult, the organism is classed in the 
Mastigophora ; if lost; in the Sarcodina. 

The word adult when applied to the Metazoa has a meaning 
which can be defined clearly, as a rule, by the criterion of sexual 
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TTiaturity. In the Protozoa no such criterion is available, and the 
distinction between young and adult is based on dilTerciiccs in size 
and growth, or on phases of the life-cycle selected in an arbitrary 
.manner. In many cases the distinction presents no difliculty ; it 
is perfectly easy to distinguish young from adult stages in such 
forms as the Foraminifera and Radiolaria among Sarcodina, or tlu^ 
genus Noctiluca among Mastigophora. But in otlier cases it is 
purely a matter of opinion which phase in the life-cycle is to be 
regarded as adult. Such a form as Pseudospora has a flagcdlated 
and an anm^boid phase (Robertson), and can be placed in either 
the Sarcodina or the Mastigophora with perfect propriety. The 
amoeba-like genus Masligammba is placed in the Mastigophora 
because the Hagellum is retaimnl ; but if any species of this gemus 
were to lose its flagellum wlnm adult, rigid adherem;e to verbal 
definitions would necessitate its being classed in the Sarcodina. 

The difficulty of separating and defining the stems of the Sarco- 
dina and Mastigophora at their root is only to be expeud-ed on the 
theory of evolution. The two classes arc undoubtedly (h^scumded 
from a common ancestral type, which has become motlified in 
two divergent directions, giving rise to two vast groups of organisms 
which may differ from one another very slightly or viuy greatly in 
selected examples. The systematist may meet with many obsta(!les 
when it is required to lay down verbal distinctions betweam the two 
(dasses, but it is easy to recognize*., in a general way, two |)riiuMpal 
morphological types, round which each class is centnnl, and which 
may bo realized to a greater or less extent in given cases. 

1. Sarcodinc Type . — Protozoa which grow to a relatively larger 
size ; in the so-called “ adult phase ” permanent oi-gaiis of loco- 
motion are wanting, and the naked protoplasmic body movers or 
captures food by means of pseudopodia ; the young stages may Ix^ 
flagellate or amoeboid. 

2. Mastigophoran Type . — Protozoa usually of minute size, seldom 
with a large adult phase (as, for example, Nodi uca ) ; flagcdla 
retained throughout active life, only lost in resting phases ; lx)dy, 
amoeboid or corticate. 


THE SARCODINA. 

The name Rhizopoda is sometimes used for this class but this 
name is only applicable, strictly speaking, to the first four orders 
recognized below, in which the pseudopodia are more or less root- 
like, and not to the orders Heliozoa and Radiolaria, charafiterized 
by stiff radiating pseudopodia. 

General Charaderisiics . — As stated above, the Sarcodina are Pro- 
tozoa for the most part of relatively large size. Many Sarcodina 
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are visible to tlie naked eye, and some of the Radiolaria, Foramin- 
ifera, and Mycetozoa, attain to a size that must be considered 
gigantic for Protozoa. The more primitive forms, on the other 
liand, are often very minute. , 

The body-form is of two principal types, related to distinct liabits 
of life — namely, the ammboid type, characteristic of forms that 
creep on a firm substratum ; and the radiate type, seen in floating 
forms. Amcoboid forms are found aquatic, semiterrestrial, and 
parasitic ; radiate forms arc for the most part pelagic, living floating 
or suspended in large masses of water, marine or fresh-water. 

Tlie protoplasmic body is in many cases distinctly difTerentiated 
into clear motile ectoplasm and granular trophic endoplasm. Tlie 
surface of the protoplasm is naked, or may bo covered in rare in- 
stances {Amoeha verrucosa, A. terricola, etc.) by a very thin pellicle 
which modifies, but docs not restrain, the amoeboid movements. 
A resistant cuticle or cell-membrane investing the body is not 
formed, but an external shell or internal supporting skeleton is 
frequently present. 

d’he locomotor organs in the adult arc always pscudopodia, which 
may be of various types — lobose, filose, or reticulose (Chapter V., 
p. 46) ; they may lie in one plane, as in creeping forms, or may be 
given off on all sides, as in pelagic forms. The youngest forms 
(swarm-spores) may be flagellate or amoeboid. In some cases the 
pscudopodia of the young forms may differ markedly in character 
from those of the adult ; for example, the adult Amceha protcus has 
fluid protoplasm with thick lobose pscudopodia, but the young 
amcebula produced from the cyst of this species has viscid proto- 
plasm with sharp, spiky pscudopodia (Scheel). 

The free-living Sarcodina are almost without exception holozoic, 
capturing other organisms by means of their pseudopodia, and 
devouring them ; but the remarkable genus Chlamydomyxa (p. 243) 
has chromatophores, and can live in cither a holozoic or holophytic 
manner, like some flagellates ; and the genus Paulinella, allied to 
Euglypha, also possesses chromatophores, and is capable of holo- 
phytic nutrition (Lauterborn). 

The nuclear apparatus consists of one or more nuclei, in addition 
to which chromidia may be present. A single nucleus is charac- 
teristic of the majority of species, even of many which grow to 
very large size, such as many Radiolaria, in which the nucleus also 
attains to proportions relatively gigantic. In other cases increase 
in the size of the body is accompanied by multiplication of the 
nuclei ; there may be two nuclei constantly, as in Amoeba binucleata 
(Schaudinn), or several, as in Difflugia urceolata, or many hundreds, 
as in Actinospheerium and Pelomyxa, or even thousands, as in the 
Mycetozoa. In such forms the adult is a plasmodium, but the 
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numerous nuclei show no differentiation amongst tliemselvos, and 
appear to bo perfectly equivalent both in structure and function. 
Chromidia may be present as a permanent cell-constituent in many 
, Amoeba?a, such as Arcella, Difflugia, and the Foraminifera ; in other 
cases they are formed temporarily, as extrusions from the nucleus, 
during certain phases of the life-cycle, either as a preliminary to 
reproduction or as a regulative process under certain physiological 
conditions. 

The reproduction of the Sarcodina is effected either by binary 
or multiple fission. Binary fission may be absent in some of the 
larger, more specialized forms, as in many Foraminifera and Uadio- 
laria, but in most cases it is the ordinary “ vegetative ” method of 
reproduction during the active trophic life of the organism. In 
plasmodial forms it takes the form of plasmotomy (p. 100). Mul- 
tiple fission or gemmation (sporulation) is in some cases the sole 
method of reproduction ; in other case it is combined with binary 
fission, and occurs only at certain crises in the life-cycle, in relation 
to seasonal changes, or as a preliminary to syngamy. In this typo 
of reproduction the organism, breaking up rapidly into a large — 
often an immense — number of minute individuals, is necessarily 
put hors de combat as soon as the reproduction begins ; hence it is 
not uncommon for the sporulation to take place within a cyst, 
when a shell or protective envelope is not present, as in Ammha 
proleiis (Schecl). 'J!'he minute germs produced by sporulation may 
be set free at once as swarm-simres ; or they may form a pro- 
tective envelope or sporocyst, and be liberated as resistant spores 
which are disseminated passively, and germinate when conditions 
are favourable, as in parasitic forms and in the semi-terrestrial 
Mycetozoa. 

The swarm-spores, whether produced directly by sporulation of 
an adult or indirectly by germination of a spore, nmy bo either 
flagellulac or amoobuhe. In many forms two typos of sporulation 
occur — schizogony producing agametes, and sporogony producing 
gametes. The agametes may be structurally or morphologically 
distinguishable from the gametes. Thus, in Foraminifera the 
agametes are amoebulao, the gametes are flagollulae. In Radiolaria 
both alike are flagellulae, but the agametes produced in schizogony 
— the “ isospores ” — are distinguishable from the gametes produced 
in sporogony — “ anisospores.” 

In this class syngamy takes place rarely between adult indi- 
viduals ; but examples of this are seen in Actinophrys, where it takes 
the form of karyogamy within a cyst (Fig. 71), and in Arcella (p. 148) 
and Difjliigia, where it takes the form of chromidiogamy between 
free individuals, followed in Difjlv^ia by encystment. In the great 
majority of Sarcodina the syngamy is microgamous, and takes place 
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between swarm-spores, eitlier amoobiila? or flagellulco. The miorog- 
amy is isogamous or slightly anisogamous ; macrogamy, as in other 
eases, is iierfectly isogamous. Mierogamy occurs, as has been seen 
(p. 148), m Arcclla in addition to chromidiogamy ; and, according 
to a recent note of Zueker (86, p. 191, footnote),' syngamy between * 
tree swarm-spores occurs in Difllugia also. 

As regards the life-cycle of the Sarcodina, there remains still so 
much to be discovered that to generalize is both difficult and 
dangerous. Even in the commonest forms, such as Amceba protcus, 
the complete life-cycle has not been yet worked out. In some 
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cases the life-cycle appears to bo of comparatively simple typo, and 
the species is moiiomorphic or nearly so, as in Aclinospheerium ■ 
n otlier cases there is a weU-marked alternation of generations, 
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Cf(M«t^to».-Tho Sarcodina arc subdivided into a number of 
orders the distinctions between which are based principally on the 
duwactere of the pseudopodia and of the skeleton, whL present ; 
m more highly differentiated forms, such as Radiolaria, the internal 
structure of the body is also taken into account. In the primitive 
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forms of simple structure, however, in wliich no skeleton is present, 
the subdivisions are defined entirely by the ebaraeters of the proto- 
plasmic body and the pseudopodia, wbieb furnisb distinctions of 
, very doubtful validity. Not only may the characters of the 
pseudopodia vary in different phases of tlie life cycl(^ as alnnidy 
stated in the case of Amoeba proteus, but even in the sann^ phuso 
under the influence of different media. Tims, no two forms of 
ama3ba could appear more distinct at first sight than tln^ Umax 
and radiosa forms, originally regarded as distiiud species. In tlie 
limax-ioYin tlie whole body flows forward as a single pseudopodium, 
gliding along like a slug ; in the radiosa-iorm the splierical body 
becomes star-like, sending out sharp-pointed pseudopodia on ail 
sides. Nevertheless, Verworn showed that the one form could be 
changed into the other by differences in the medium (Fig. S5). 
Doflein (238) obtained similar form-changes in Amoeba vesperlilio., 
and showed that the body-form and character of the 2 )seudopodia 
were (piite inadequate features for distinguishing the species of 
amoeba, deiiending as they do upon the conditions of the environ- 
ment and the nature of the medium. C'Omparc also Gruber (246) 
on form-varieties of Amoeba proteus. 

In view of the protean nature of these organisms, it is not sur- 
prising that miudi diversity of opinion prevails as U) the arrangenuuit 
of the groups and the exact position of some of tlnn’r members. It is 
usual to put a number of primitive organisms together in a group 
termed Protoomyxa, the members of whiidi probably have more 
affinities with various members of other groups than with one 
another. On the other hand, the more highly organized Sar(*odina 
are classified without difficulty into well-characderized orders ; 
such arc the Eoraminifera, Mycctozoa, Kadiolaria, and Heliozoa, 
though even in these groups there arc forms near the border-line and 
of doubt ul position. 

The classification adopted here is mainly that of Biitschli (2), 
with the addition of some forms not included in his great work, as 
follows : 

A. Subclass Rhizopoda. — Typically creeping forms with 
branched, root-like pseudopodia. 

I. Order Amoehcea. — Amoeboid forms of simple structure ; 
skeleton lacking or in the form of a simple shell. 

1. Suborder Reticulosa {Proteomyxa). — With filose 

or reticulose pseudopodia, without shell. 

2. Suborder Lobosa. — With lobose pseudopodia. 

(a) Section Nuda, without shell or skeleton. 

{b) Section Testacea, with shells. 

II. Order Foraminijera, — With reticulose pseudopodia and 
shells. 
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III. Order Xenopkppkora.—With skeleton of foreign bodies 

and a peculiar internal structure. 

IV. Order Mycetozoa. — Semi- terrestrial forms with repro- 

duction by resistant spores and formation of plas- 
modifi. 

B. Subclass Actinopoda (Calkins).—- Typically floating forms 
witii radiating, unbraucJied pscudopodia. 

V. Order Principally fresh-water, without a 

“ central capsule.” 

VI. Order Radiolaria. — Exclusively marine, with a central 
capsule. 


I. AMfEBiEA. 

1. Reticulosa, — In this suborder are comprised a luimbcr of 
forms of doubtful affinities, sometimes ranked as a distinct order, 
Protcomyxa. The only positive character which they have in 
common is the possession of filose or roticulose pseudopodia, with 
which is combined the absence of a shell and skeleton. Hence it 
is not surprising that the position of many forms referred to this 
suborder is extremely dubious, and some of them are referred to 
distinct orders by many authorities. 

In general two types of organisms are referred to this suborder : 

(a) Large marine plasmodial forms ; an example is Ponlomyxa 
fldva, described by Topsent from the Mediterranean and British 
Cliannel. Ponlomyxa is a multinucleate plasmodium of yellow 
colour. It sends out branching root-like pseudopodia, which may 
spread out and form a network extending over two or three inches 
in length. Nothing is known of its development or life-cycle. 

(b) Small forms with a s'ngle nucleus, marine or fresh-water, 
which reproduce by process of multiple fission forming swarm- 
spores. These forms have been subdivided into two families, 
according to the type of swarm-spore found — Zoosporidee, pro- 
ducing flagellulse ; and Azoosporidee, producing amoebulse. An 
example of the Zoosporidee is furnished by the genus Pseudospora, 
which preys upon algae, diatoms, Volvocineae, etc. The adult phase 
is amoeboid, flagellate, or even Heliozoon-like. It feeds on the cell- 
substance and chlorophyll of the prey, and multiplies by binary 
fission. It can also break up by multiple fisfion into flagellate 
swarm-spores, with or without previous encystmeiit. Robertson 
has observed syngamy between flagellulae thus formed, which are 
therefore gametes ; in other cases the flagellulas are perhaps 
agametes. As already pointed out above, the position of this form 
amongst the Sarcodina is doubtful ; by many authorities it is 
classified in the Mastigophora. 

An example of the Azoosporidas is furnished by Vampyrella, a 
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small amoeboid form which, like Pseudospora, preys upon algae 
(Fig. 86), devouring the contents of the cell, and multiplying in the 
free state by binary fission. It also encysts and breaks up within 
the cyst by multiple fission to form a number of amoebulae, which 
creep out and grow up into the adult form. 

A large number of other genera are referred to the Reticulosn, 
for the most part so little investigated as regards their develop- 
ment and life-history that it is impossible to deal with them com- 
prehensively in a brief space. For an account of them see Delagc 
and Hcrouard (6, j). 66), Hickson (248), and Rhumbler (288). 

2. Lobosa. — I'his suborder comprises a great number of organisms, 
which it is conveu’cnt to subdivide into — (a) Niida (Gymnamcebad, 



Fia. 80 . — VampyreUa lalerilia: various forms. A, Free Heliozoon-likc phase; 
B, creeping amoeboid phase ; (J, amoeboid form attached to a Conferva-W\a.- 
ment ; D, a similar form ; it has broken the algal filament at <1 joint, and has 
emptied one coll of its contents. A and B after Hoogenraad ; 6' and D after 
Cash and Hopkinson. 

with no shell ; and (b) Testacea (Thecamoebaj, Thalamophora), with 
a shell or house. 

General Characters , — Familiar examples of the Lobosa Nuda arc 
furnished by the species of the genus Amoeba and allied forms. A 
very large number of free-living amceba) have been described and 
named, but it is very doubtful how far they are true species ; some 
of them, with pronounced and constant characteristics, such as 
Amoeba proteus (Fig. 2) and A. verrucosa (Fig. 23), arc probably 
“good” species; others, such as A. Umax and A. radiosa, are 
probably forms that may occur as phases in tlie development of 
other species of amoebae or of other organisms, such as Mycetozoa. 
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At the present time the life-history has been worked out satisfac- 
torily in but few free-living amoebae, but in such protean organisms 
it is quite unsafe to attempt to characterize or define a species 
without a knowledge of the whole life-cycle. As regards the 
familiar Amoeba proteus, for example, praetically all that is known of 
its life-cycle is that it eii(;ysts and multiplies within the cyst to 
form a great number of small amoebulae, very different in appear- 
ance from the parent-organism ; the amoebula) creep out of the cyst, 
and probably grow up into the adult form (Scheel). Calkins 
adduces arguments in favour of the occurrence of a sexual cycle, 
which remains at present, however, purely conjectural. 

The majority of free-living amoebai are aquatic in habitat. A 
certain number, however, are semi- terrestrial, iniiabiting damp 
earth, moss, etc. Such is Amoeba terricola {vide Grosso- Allermann). 
The earth -anunba),” like otlier terricolous Protozoa, probably 
play a great j^art in keeping down the numbers of the bacteria and 
other organisms in tlie soil, and thereby lessening its fertility from 
an agricultural standpoint (compare Russell and Hutchinson, 24 ; 
Goodey, 16). 

A great many species of am(eba5 are found living within tlie 
bo lies of animals of all kinds, for the most part in the digestive 
tra(!t. The entozoic ammbaj are commonly placed in a distinct 
genus. Entamoeba, distinguished from tlie free-living forms by little, 
however, except their habitat and the general (but not invariable) 
absiuice of a contractile vacuole. A common example is Entamaiba 
blatioe, from the intestine of tlie common cockroa(!h ; others are 
E. ranarum of the frog. (Dobell, 236, 237) ; E. muris of tlie mouse 
(Wenyon) ; tlie species parasitic in the human intestine, presently 
to be mentioned ; E. buccalis (Prowazek), from the human mouth ; 
and many others. Chatton has described a species. Amoeba mu- 
cicola, eetoparasitic on the gills of Labridce, and extremely patho- 
genic to its host. 

Life-History, — So far as it is possible to generalize from the scanty 
data available at present, the development of many free-living 
species of amoebae appears to be of a typo very similar to that of 
Arcella, described in a previous chapter (p. 179). In the free state 
the organisms reproduce themselves in two ways : first, “ vegeta- 
tively,’’ by simple binary fission, preceded by a division of the 
nucleus, which varies n different cases from a promitosis (p. 109) 
of the simplest type to very perfect mitosis ; secondly, by forma- 
tion of chromidia and subsequently of secondary nuclei, round 
which the cytoplasm becomes concentrated to form a number of 
internal buds, destined to be set free as amoebulae, agametes, which 
grow up into the adult form. In addition to these two methods of 
reproduction in the free state, the animal may become encysted. 
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and produce within the cyst a number of gametes in the same manner 
as the agametes already described, but with the following dilTer- 
ences of detail : the principal nucleus degenerates as soon as the 
chromidia are formed ; the number of secondary nuclei prodiuuMl is 
much larger, and the gametes are much smaller than the agametes ; 
and the cytoplasm of the parent is entirely used up in their forma- 
tion. The gametes are ultimately set free from the cyst as arme- 
bultTB, and pair ; the zygote grows into the adult form of the armeba. 
Such a cycle has recently been described by PopolT (264) for a 
species named by him Ammba minuta ; the gametes in this spec'ies 
are isogame tes, without any sexual differentiation as in Arcella. 
This type of life-cycle is probably very common in many annobie, 



Fia. 87. — Amoeba albida : autogamy in the encysted condition ; drawn in outline, 
with nuclear details only. A, Encysted ama3ba ; B, the nucleus of tlu< 
amoeba divides unequally into a larger vegetative and a smaller generativts 
nucleus ; the vegetative nucleus, as seen in the subsequent figures, travels 
to the surface of the cyst, degenerates, and disappears ; the generative nucleus 
gives rise to the gamete-nuclei ; G, incomplete division of the generati ve nuelcsus ; 
D, one half of the generative nucleus is budding off two reduction-nuclei 
(on the right) ; E, four reduction-nuclei have been budded off, two from 
each pole of the incompletely divided generative nucleus ; F, the reduc(5d 
generative nucleus completes its division ; the four reduction-nuclei are 
degenerating ; 0, the two pronuclei far apart ; //, the two pronuclcu’ coming 
together ; I, the pronuclei fusing. Afk^r Niigler (1)5). 

with specific differences of detail in different cases, of which the 
most important are, that in some cases, probably, the nucleus 
divides to form the gamete-nuclei, instead of becoming resolved 
into chromidia, and that autogamy within the cyst may occur, 
instead of free gametes being formed, as A. albida (Fig. 87). 
According to Niigler (95), autogamy of this type is characteristic 
of all amoebae of the Umax-grou^ ; in such cases only two gamete- 
nuclei are formed in the cyst, which after going through reducing 
divisions fuse to form a synkaryon. The zygote then leaves the 
cyst and begins a fresh vegetative cycle. 

A different type of life-cycle is exemplified by that which Schepo- 
tieff has described in the case of a marine amoeba identified by him 
as A. /lava. In this case also the ordinary vegetative form is a 
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uninucleate amoeba, which reproduces itself by binary fission of the 
ordinary type ; but large multinucloate forms occur which become 
encysted. Within tlio cyst tlie nuclei break up into chromidia, 
from which a great number of S(?condary nuclei are formed. The 
protoplasm becomes concentrated round the secondary nuclei to 
form a number of small cells, wliich acapiire flagella and are set free 
from the cyst as flagelluhe, believed to be gametes and to copulate ; 
the zygote is at first encysted, but becomes free from the cyst, and 
develops into the uninucleate aniteba. The life-cycle of A. proteiis 
IS possibly of this type, since in this species also multinucleate 
amoebae arc commoidy observed (see especially Stole ; compare also 
Paramatba (Fig. 49). 



Fia. ^^.—Amijcba di^oidea. A, Tho amoeba in the vogetativo condition with 
Its two nuclei ; B—t, tho sexual pmccsscs within the cyst, drawn in outline 
on a reduced scale ; B, two araoobao, each with its two nuclei, encysted toeether 
the nuclei beginning to give off chromidia ; C, tho two nuclei of each amoeba 
fused, numerous vegetative chromidia in tho cytoplasm ; D, tho bodies of 
the anuBb.'o fused, each synkaryon beginning its reduction-process* E the 
synkarya giving off reduction-nuclei which are degenerating ; F, the reduction- 
process complete ; the cyst contains a single amoeba with two nuclei (svn 
karya), ready to omerge and begin its vogetativo freo life. After Naglcr (&) 


Metcalf (257) describes “gemraulos” budded from small free amoebie of 
the ^rofeM5-type, each gemmule becoming detached and developing into a 
flagellated gamete of a cercomonad type. The flagellulse were observed 
frequently to lose their flagella and become amoeboid. Copulation of two 
flagolluliE took place to form an amreboid zygote. Metcalf’s observations 
upon the synganiy m this case recall strongly the observations of Jalui (294) 
on tho sexual processes of Mycotozoa (p. 242). It is possible that the syngamv 
observed by him did not form a part of the life-cycle of tho amceba but of 
some other organism. ’ 

The sexual process described by Naglor (95) in Amaba diploidea is of a 
remarkable kmd (l?ig. 88). In the ordinary vegetative condition tho amceba 
possesses normally two nuclei, which divide simultaneously each time the 
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animal reproduces itself by fission. The sexual process begins by two such 
amoeba} coming together and surrounding themselves wit h a cyst in common. 
Within the cyst their nuclei first give off vegotativci eliromitlia, wliieli are 
absorbed, after which the two nuclei in each sejiarate amu!ba fuse togetln'r 
t j form a single nucleus, a synkaryon. The proto|)lasmlc bodies of the two 
amerbm now fuse completely into one, after which ea(-li synkaryon go(“s 
through two reducing divisions, producing each two reduct ion-nuchu, of 
which the first may divide again, so that there may he in t he cyst six naluet ion- 
nuclei altogether, wliicli arc gradually absorbed. The two persist (“iit sy nkarya. 
after undergoing this proct'ss of reduction, approach each other, Init remain 
separate, and the amceba is hatched out of the cyst to bc^gin its vegetative 
life with two nuclei representing gamete-nuclei that have und(Tgon(? reduction 
-—that is to say, pronuelei — which remain sc^parate and multiply by fission 
throughout the vegetative life, and do not undergo syngamic fusion until the 
end of it. 

In Amcpha hinucleata, described by Schaudinn, the vegetative phases also 
contains two similar nuclei which multiply simultaneously by division each 
time the animal divides ; but in this ease the complete lif(v<!ycle is not known. 

Owing to the practical importance of the entozoic ammba}, atid 
the attention that has been directed to them in consctpieiice, their 
life-cycles have been more studied and are better known than those 
of the free-living species. According to Mercicr, Enta7ncd)a hlaltce 
multiplies by binary fission in the gut of its host, and later betiomt^s 
encysted, passing out of the body of its host in this conditioti. 
Within the protective cyst it breaks up by multiple fission, follow- 
ing repeated division of the nucleus, into a number of amoebuUe, 
which are set free from the cyst when it is devoured accidentally 
by a new host. The amoebulse are gametes which copulate after 
being set free, and the zygote grows into the ordinary vegetiitive 
form of the ama3ba. E. blatlce thus furnishes a very characteristic 
and primitive type of the life-cycle of an entozoic amoeba, and one 
which differs only in points of specific difference from that of 
Ammha minuta, described above. 

The question of the human entozoic amoeba} is at present in a 
somewhat confused state. The occurrence of amoeba) in the hinder 
region of the human digestive tract, especially the colon, has long 
been known, and the name Amoeba coli was given by Ldsch to such 
organisms (synonym, Entamoeba hominis, Casagrandi and Barba- 
gallo). It is, however, certain that more than one species of amoeba 
occurs in the human bowel, and Losch’s name must therefore be 
restricted to one of these. 

An epoch in the study of human entozoic amoebae was marked by the 
researches of Schaudinn (131), who dtstinguished two species. The first, to 
which ho restricted the name Entamoeba coli, occurs commonly in Europe 
and elsewhere as a harmless inhabitant of the intestine — that is to say, like 
E. hlattce and many others, it is not, under normal circiimstanecs at Itiast, a 
parasite in any sense of the word, but a simple scavenger, feeding on bacterial 
and other organisms, detritus, etc., in the colon and rectum. The 8(»cond 
species, to which iSchaudinn gave the name E. histolytica,* is, on the contrary, 

♦ Liiho has proposetl to jdace E. histolytica in a stsparate genus, Poneramoeba 
n. g. {Schr. Physik, Oes. Kiinigsherg, vol. xlix., p. 421). 



224 


THE PROTOZOA 


a parasite of a dangerous kind, which occurs in tropical and subtropical 
regions, and is the pathogenic agent of amoebic dysentery and liver-abscess : 
It attacks and devours the tissues of the host, destroying the wall of the 
intestine, wiience it penetrates into the blood-vessels and is carried to the 
iver, where it establishes itself and gives rise to liver-abscesses. These two 
siiecies of aimeb[B are distinguishable by structural characters. E, coli has 
e ativcly tluid body, with ectoplasm feebly develojicd and with a fairly 
largo spherical nucleus (or nuclei) lodged in the endoplasm. E. histolytica. 




Fig. 89. Entama^ cdi. A and B, Living amoeba) showing changes of form and 
vaouolation in the endoplasm ; 0, D. E, amcebio showing different conditions 
of the nucleus (n.) ; F, a specimen with two nuclei preparing for fission: 
O, a specimen with eight nuclei preparing for multiple fission ; H, an encysted 
amoeba containing eight nuclei; /, a cyst from which young amoebso 
(^) are escaping; J, K, young amoebie free. After Casagrandi and 


on tho contrary, has a relatively viscid body with greatly-developed ecto- 
plasm, as IS seen clearly in the formation of psoudopodia, which may consist 
entirely of ectopl^m ; it is smaller than E. coli, and its nucleus has a com- 
pressed form, stains feebly, and is lodged in, or immediately below, the 
supernmal ectoplasmic layer. Tho life-cycles of those two species are also 
very different, as described by Schaudinn. 

E, coli, in the amoeboid multiplicative phase, reproduces itself by binary 
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fission of the ordinary typo, and also by a process of nmltiplo fission is 
which the nucleus divides until there are ei^^ht nuclei in the body; the 
characteristic 8-nucleato plasmodiuni then divides up into eij^ht small 
amoebse, each of which grows into an ordinary adult form. Ibuiee it in 
, characteristic of E. coli to occur in various sizes, from very small to full-grown 
amcebie. 

The propagative phase of E. coli is initiated by the formation of a gt^latinoiis 
envelope round a full-sized amteba possessing a single nucleus. Tlie niichnis 
then divides into two, and the process of maturation and autogamy takes placo 
that has been described on p. 130, supra (Fig. 73). When it is eomph^le, a 
tough resistant cyst is formed within the soft gelatinous env'olopo, and each 
of the two synkarya divides twice to produce four nuchu. 'fluis is formeil 
the 8-nucloato resistant cyst which is characteristic, jx^rhaps diagnostic, 
of this species. Within the cyst no further changes take [ilaeo until it is 
swallowed by a now host ; them it 
is believed tliat the contents of the 
cyst divide up into eight uniniicloate 
aminbulfe, which are sot free in the 
colon and are the starting-point of 
a now infection. Schaudinn was 
able to infect himself by swallowing 
the 8-nucleate cysts of the ama^ba. 

Prowazok {A.P-K.y xxii., p. 34.5) 
has described a variety of E. coli 
under the name E. williamsi, 

E. histolytica reproduces itself in 
the amoeboid phase by binary fission 
and by a process of gemmation in 
which the nucleus multiplies by 
division, and then small amcebulae, 
each with a single nucleus, are 
budded off from the surface of the 
body. In the process of gemma- 
tion, however, the numlxir of nuclei 
in the body is irregular, and not 
definitely eight, as in E, coli. In 
its propagative phase E. histolytica 
does not form a cyst round the 
whole body, but its nucleus becomes 
resolved into chroraidia, which 
collect in patches near the surface 
of the body. Little buds are then 
formed as outgrowths of the body, 
each bud containing a clump of 
chromidia. Round each bud a 
sporocyst is formed of so tough and 
impervious a character that no 

further cytological study of the / +i 

bud is possible. The resistant spores formed in this way separate from tno 
body, of which the greater part remains as residual protoplasm and dies on. 
The minute spores are the means of infecting a new host, as shown by 
Schaudinn in experiments on cats, which are particularly susceptible to tne 
attacks of this amoeba. , . • • 

Sohaudinn’s investigations, of which a brief summary has been given in 
the foregoing paragraphs, first introduced clear ideas into the problem of tne 
human entozoio amcBba 0 . Many of the works of subsequent investigators 
have tended, however, rather to confuse and perplex the question, for various 
reasons. In the first place, in cultures made from human faeces, free-living 
non- parasitic species of amoebaB make their ap[»arance, which have pa^Q 
through the digestive tract in an encysted condition, and emerge from their 



Fia. 90 . — Entanmba histolytica. A, Young 
specimen; li, an older Hpeoinien crammed 
with ingested blood-corpusch^s ; (I, E, h, 
three figures of a living amceba which 
contains a nucleus and three blood- 
corpuscles, to show the changes of form 
and the ectoplasmic pseudopodia : n., 
nucleus ; h.c., blood-corpuscles. After 
Jurgens. 
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cysts in the cultures ;* such amcebse, for the most part of the Zima 3 ;-typo, 
have been confused with the true ontozoic amoeba, and have given rise to 
erroneous ideas. Secondly, it is certain now that the two species of amfcbre 
recognized by Schaudinn does not exhaust the list of human entozoic amcebse. 
Thirdly, it is possible that Schaudinn did not see the entire life-cycle of the ^ 
forms studied by him, or that in some cases he confused stages of different 
species in the same life-cycle (compare Hartmann, 247). 

It is still doubtful how many sptu:ies of entozoic amoebae occur in man. 
Hartmann recognizes two dysenteric ammbse, in addition to the harmless 
E. coli : E. histolytica, Schaudinn, and E. ietragena, Vicrcck (synonym, E. 
africana, Hartmann). E. tetrayena has been described from various parts 
of the tropics ; it, differs from E. histolytica in its characters, and more nearly 
resembles E. coli, but is distinguished by the formation of resistant cysts 
containing four nuclei. In addition to these species, many others have 
been described by various investigators — for example, E. mimita, Elmassian, 
which, according to Hartmann, is merely a variety of E. coli. A summary 
of the various amoebre described from the human intestine is given by 
Doflein (7) and Fantham (241). In Cochin China, Noc obtained from liver- 
abscesses and dysenteric .stools a small amoeba (not named) which in the 
multiplicative phase reproduces in two ways : by binary fission of the ordinary 
type ; and by budding off small aimebulai containing se'condary nuclei formed 
from chromidia. In the propagative phase Noe’s amoeba encysts and breaks 
up into amoobula). Greig and Wells, in Bombay, obtained results very 
similar to those of Noc. In cultures from liver-abscesses from Bombay, 
Liston found two distinct forms of anKeboc— a larger form containing a single 
nucleus and numerous chromidia, and a smaller form containing a nucleus 
only. Tlie larger amoeba multiplies either by binary fi.ssion, with karyo- 
kinesis of th(5 nuckuis and partition of the chromidia ; or by the formation of 
cndog(!nou8 buds containing chromidia from which a secondary nucleus is 
formed, t he bud being finally set free as a small amreba with a nucleus and a 
number of chromidia. The small amoeba multiples only by binary fission, 
preceded by amitotic division of the nucleus. Both large and small ammba} 
form resting cysts, in which, however, they remain unchanged, and from 
which they emerge when circumstances are favourable. It is evident that 
much of the life-cycle of these liver-abscess amoebae remains to bo worked out. 

From the foregoing it is clear that, with regard to the human pathogenic 
amoebte, many important problems remain to be investigated, especially as 
regards their specific distinctions, distribution, and life-history. Much 
recent work has been carried on by culture -methods, with valuable results, 
which, however, should be interpreted with caution, since it remains to bo 
ascertained whether the forms and phases assumed by these organisms in 
cultures are identical in character with tho.so which they exhibit under natural 
conditions ; and until this point has been cleared up it is not safe to describe 
the characters of a species of an amoeba, any more than of a trypanosome, 
from cultural forms alone. 

With regard to the life-cycle of the pathogenic amcebso, it is most important to 
discover what are the phases of development or conditions of life under which 
they occur outside the human body ; whether they exist only in an encysted, 
resting condition, or in an active state also ; and, in the latter case, whether as 
free-living organisms or within some other host. On general grounds it is un- 
likely that an organism adapted to an entozoic life should be capable also of 
living free in Nature, and it is more probable that the pathogenic amoebae out- 
side the human body occur only in the condition of resting cysts or spores, which 
produce infection through being accidentally swallowed with food or water 
(compare Walker, 276-5). In that case unfiltered water, uncooked vegetables 

♦ Whether this also applies to cultures made from the pus of liver-abscesses, 
as asserted by Whitmore (279) and Hartmann (247), may well be doubted ; it is 
not easy to understand how an encysted amoeba could oc transported passively 
from the intestine into a liver-abscess. 
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and herbs, or fruit that grows near the ground, are likely sources of infeel ion by 
becoming contaminated with tho resting stage of the ameebic scatlen'd ou the 
ground or in manure. In this connection the further quesl ion arises whel her 
the human entozoic amoebm are S|)ecifie parasites of man or not, and eon,s(v 
queiitly whether their infective stages would bo derivcul only from human 
fecces, or from the excreta of other animals also. From geiKTal (■(msidi'rat ions 


of parasitism in Protozoa, it seenns [>robable that 
s|x>citic parasite of man, but that tln^ pathogtmic 
forms are parasites of other animals also, and 
perhaps only occasionally lind their way into the 
human body; in whieh case garden-manure might 
bo a fruitful source of contamination, through 
tho medium of vegetables habitually oaten 
uncooked, such as lettuce, celery, etc. None of 
those (picstions can be answered decisively at 
present, however, and there is a wide field of in- 
vestigation open. 

Greig and Wells found that in Bombay amcebic 
infection shows a marked .seasonal variation, 
closely associated with variations in humidity, 
but not corresponding with those of temperature, 
and reaching its maximum in August. 

In addition to tho various species of Amo’ba 
and of allied genera and subgcnera, a number of 
other g(3nera are included in the .section under 
consideration, for an account of which the niader 
must be referred to the larger treati.ses ; but two 
deserve s[K3cial mention— namely, the genera 
Pelomyxa and Paramceba. 

Tho species of Pelomyxa (Fig. 91) are fresh- 
water amcjBba} of largo size and “ sapropelic ” 
habit of life (p. 14). The body, which may be 
several millimetres in diameter, is a plasmodium 
in tho adult condition, containing some hundreds 
of nuclei ; it is generally very opaque, owing to 
tho animal having tho habit of loading its 
cytoplasm with sand and debris of all kinds, in 
addition to- food in the form chiefly of diatoms. 
The pseudopodia are of tho loboso type, blunt and 
rounded, but tho animal may also form slender 


the hai’juless P. coli is a 



Fia. 91 . — Pelomyxa ■palm- 


reticulose pseudopodia under certain conditions frw.- a specimen in vvliich 

(Veloy). The cytoplasm is very vacuolated, and the fwly is transparent 

contains a number of peculiar refringent bodii^s owing to the absence of 

(“ Glanzkorper ”) of spherical form, with an food-particles and foivign 

envcloix) in which bacterial organisms {Cladothrix bodies, showing the 

Velo.Uvfy) occur co^.autly,. The bacteria — In?™;';',::,"" 

multiply by hssion in a linear senes in the form refringent bodii s (thtt 

of jointed rods, which may branch ; as a rule ridringent Ixidics are for 

they have five or six joints, or kss, but at the most part larger than 

least two. The refringent bodies are of albu- the nuclei) in the living 

minous nature (Veloy). According to Gold- condition. After Grecif, 

Schmidt (57), the refringent bodies arise from the magnified 60. 

nuclei when they give off chromidia; in this 

process the clu’omatin is given off into tho cytoplasm, and tho plastin- basis 
of the karyosomo is left as a spherical mass which becomes the refringent 
body. At first the plastin-sphere is surrounded by the remains of tho nuclear 
membrane, which disappears, and the refringent body grows in size. Re- 
fringent bodies, with their bacteria, are seen frequently to be ejected by the 
animal during fife. Bott (103), on the other hand, states that tho refringent 
bodies are reserve food-stuff, their contents of the nature of glycogen, and 
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that they arise in the cytoplasm iridoponclcntly of the nuclei ; but their 
rejection by the animal is more in favour of the view that they are waste- 
products of the metabolism (Veley). It is not clciar what is the role of the 
bacteria, whether they are j)arasites or symbionts. 

Pelomyxa reproduces itself by sinijde fission or by formation of ganudes. , 
The sexual process, according to Bolt, begins with extrusion of chromatin 
from the nuclei into the (iytoplasm to form chromidia, which may take })laco 
so actively that sometimes the nuclei break up altogether. A similar extrusion 
of chromidia may take place as a purely regulative; proet'ss under certain 
conditions, such as starvation; but the vegetative chromidia formed in this 
way, and absorbed ultimately in the cytoplasm, must bo distinguished from 

generative chromidia produced 
as a ])relim inary to gamete - 
formatiorn From the genera- 
tive chromidia s(;condary nuclei 
of vesicular structure arise, 
which, after (;limination of 
chromatin followed by reduc- 
tion (see p. 150, supra), 
become 1 lie gamete-niKdei. The 
gametes arise as sph(;rical in- 
ternal buds, each with a single 
nucl(;us, to the numb(;r of 100 
or more, and are extruded 
when fully formed, causing 
tile parent-individual to break 
up completely. Each fr(;e 
gamete is Heliozoon-like, with 
slender, radiating pseudopodia ; 
they copulate in pairs, and the 
zygote grows into a young 
Pelomyxa, either direetly or 
after a resting period in an 
encysted condition. 

The genus Paramoeba (Fig. 
49) was founded by Schaudinn 
(81) for the species P. eilhardi 
discovered by him in a marine 
aquarium in Berlin.* In the 
adult stage the animal occurs 
as an ammba, from 10 to 90 p 
in diameter, of rather flattened 
form and with loboso pseudo - 
podia. It contains a single 
nucleus, and near it a peculiar 
body, the “ Nebenkern ” of 
Schaudinn (see p. 95). In 
this phase the amoeba multiplies by binary fission accompanied by 
division both of nucleus and Nebenkern. It also becomes encysted and 
goes through a process of multiple fission, which shows three stages ; in the 
first the Nebenkern multiplies by repeated division, the nucleus remaining 
unchanged ; in the second the nucleus divides repeatedly to form as many 
small nuclei as there are Nebenkerne present, and each nucleus attaches itself 
to a Nebenkern ; in the third the protoplasmic body undergoes radial super- 
ficial cleavage into a number of colls, each containing a nucleus and a Neben- 
kern. Each of the cells thus formed becomes a swarm-spore with two flagella. 

♦ The amoeba from the human intestine described by Craig under the name 
Pammeeha hominis certainly does not belong to this genus. See Doflein (7), 
pp. 602, 603. 
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The swarm -spon's aro liberated from the cyst and live frc'cly. fecdiiij' and 
multiplying by binary fission, in whicdi the nucleus divid('s by mitosis and IIk^ 
Nebenkorn acts like a cenlrosome. After a time, however, tlie s\\ arm spores 
lose their flagella, and become aiiKebuhe which develop into the adult phase, 
* Syngamy Avas not observed, but probably takes place In'twc'cn t he flagcdluhe. 
Two new parasitic s{)ccies of Panirnceha have been il(\seribed recuMitly by 
Janicki (71 ’5) ; see p. 95. 

To the order AnKcbma should be referred, probably, the parasite of the 
>falpighian tubules of the rat-flea {Ceratophyllm fane i atm), (h'scribi'd by 
Minchin under the name Malpighiella refringem, and the paraHit(^ of rtyehodvra 
minuia, described by Sun under the name Profoentospora jifyehmlerai. 

The section Lobosa Testacea or Thecani(xd)m contains a number 
of free-living forms familiar to every microscopist, such as tin? 
genera DilJiugia (Fig. 16), Gcnlropyxis, Arcelln (Fig. 32), (de. The 
majority of tlicse forms inhabit fresh water, but Trichonplmrimn 
(Fig. 81) is marine. Their common distinctive feature, in addilion 
to the possession of lobose pseudopodia, is the formation of a shell 
or house into which they can be withdrawn entindy. The shell may 
be secreted l)y the animal, and then is chitinous {Arcdla) or g(‘lat- 
inous {Trichospheeriurn), or may be mad(^ uj) of various foreign 
bodies cemented together {Difftnyia). Typically tlu'; house has the 
form of a chamber with a single large opening, through whi(di the 
pscudopodia are extruded at one pole. 

When the animal multiplies by fission, the protoplasm stn^ams 
out through the aperture, and forms a daught(u*-sh(dl ('xternal to 
the old one, after whhdi division of the nucleus takes place and the 
two sister-individuals separate. In Trichosphmrium, however, the 
house has the form of a gelatinous inv(‘stimmt to the body, with 
several apertures through which pseudopodia protmde, and wlien 
the animal divides the investing envelop • divides with it. 

The protoplasmic body contains typically one nuehms- some- 
times more than one — surrounded by a ring of chromidia. In 
Arcella vulgaris there are constantly two primary nuclei ; in 
Difflugia urceolala, from ten to thirty. TrichosphcBrium possess(;s 
many nuclei, but no chromidia. 

The life-cycle, so far as is known, is of various types ; those of 
Arcella and Trichospheeriurn arc desciribed above (p. 177, hig. 80, 
and p. 181, Fig. 81). The latter, with an alternation of generations 
combined with dimorphism in tlie adult condition, approaches that 
of the Foraminifera in character. 

In the testaceous amoeb® the method of division varie.s in accordance 
with the nature of the shell. In those in which the shell is soft and yielding, 
as, for example, CoefUiopodium and Cryptodi/flugia, the division is longitudinal 
—U, in a plane which includes the axis passing through the mouth and 
apex of the shell (Doflein, 239) ; in Cryphdifflugia rapid division of tbis kind 
may load to colony-formation. In forms with a rigid shell, on the other hand, 
such as Difflugia, Arcella, Cenlropyxis, etc., the shell sets a limit to the growth 
of the animal, which, when it has filled the shell, ceases to grow for a while 
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and stores up reserve-material. Prior to division a sudden and rapid growth 
takes place at the expense of the reserve-material and by absorption of water ; 
as a result the protoplasm grows out of the shell-mouth, a daughter-shell is 
formed, and the animal divides transversely (Fig. 50). 

In Difflugia urceolata, Zuelzer (85) has described a process of chromidiogamy. * 
Two animals come togetluir with the mouths of the shells in contact, and the 
entire contents of one shell How over into the other, the empty shell being 
cast off. The chromidia of the two animals fuse into a single mass ; the 
nuclei, however, remain separate. Copulation of this kind is a jireliminary 
to encystment, which takes place in Nature at the end of October or the 
beginning of November. Prior to encystment the pseudopodia arc retracted, 
all foreign bodices, food-remains, excreta, etc., are cast out, and the proto- 
plasmic body rounds itself off in the shell, and diminishes to about a quarter 
of its former volume, becoming denser and more refractile. The cyst- 
membrane is then secreted at the surface of the body. The old nuclei are 
gradually absorbed, and now nuclei are formed from the chroniidial mass. 
The reconstitution of the nuclear apparatus takes place from January to 
April ; in the spring the cyst is dissolved, and the rcjuvciiiated Difflugia begins 
to feed and to enter upon a summer course of vegetative growth and repro- 
duction. In a recent note (86, p. 191, footnote) Zuelzer states that conjuga- 
tion between free gametes also occurs in this species. 

In Centro'pyxis aculeata, according to Schaudinn (131), the ordinary vegeta- 
tive reproduction is by fission, the new shell that is formed being larger than 
the old one, until the maximum size is reached. Sexual processes are 
initiated by degeneration of the primary nucleus, which is single in this 
species. Then the protoplasm with the chromidia creeps out of the shell, 
and divides into a number of animbuhTe, each containing chromidia which 
condenses into a single nucleus. Some amcebul;e form a shell at once ; others 
before doing so divide into four smaller amocbula?, and then form a shell. 
The larger are macrogametes, the smaller the inierogametes ; they copulate 
and abandon their shells. The zygote forms a new shell, chromidia aj)pear, 
and a fresh vegcdalive cycle is started. 

In a speci(\s of the genu.*} Cryptodifjlugia AllogromuD^) a remarkable 
type of life-cycle has been described by Prandtl (265); sec also Dollein (7), 
p. 310, Fig, 283. In this form also the organism, at the time of gamete- 
formation, quits its shell and penetrates into some other Protozoan organism, 
such as Amoeha proteus, in the body of which it becomes parasitic and goes 
through the process of gamete-formation. The nucleus breaks up into 
chromidia, from which secondary nuclei are formed, producing a multinucloate 
plasmodium which multiplies by plasmotomy until the host is full of them. 
Ultimately the plasmodia break up into uninucleate cells, the gametes, which 
are set free and copulate. The zygote becomes a flagellated Bodo Vike 
organism, with two flagella, one directed forward, the other backward as a 
trailing flagellum (p. 270, infra) ; it feeds and multiplies in this form for 
several generations in the free state, but ultimately it loses its flagella, bt^comes 
amoeboid, forms a shell, and develops into an adult Cryptodifjlugia. Note- 
worthy ill this development are the alternation of generations between the 
flagellated and the amoeboid phase, as in Pseudospora (p. 218), and the para- 
sitism in the gamoto-forming phases; if, however, the Cryptodifjlugia docs 
not succeed in finding a suitable host, the gamete-formation may take place 
in the free state. ^ 

Frorn the life-cycles and sexual processes of Arcdla, Difflugia, CerUropyxis, 
etc., it IS seen that the primary nuclei of all these forms are vegetative in nature, 
while the chromidia give rise to the gamete -nuclei, and consist of, or at least 
contain, the generative chromatin. The marine TrichosphcBrmm, however, 
stands apart from the fresh- water genera in regard to its structure, sexual 
processes, and life-cycle, in all of which it shows more similarity to the 
Foraminifera. 



THE SARCOBINA 


231 


II. Foraminipera. 

General Characters — Shell-Structure. — ^The chara(;torlHiic foaturos 
of this group are the possession of reticiiloso psoudopoilia and of a 
shell or tost. The Foramiriifera are typically creeping forms, 
moving slowly, and using their net-like pseudopodia cliiefly for food- 
capture. Certain genera, however, such as Globigerim, have taken 
secondarily to a pelagic existence, and float on the surfaiu; of the 
ocean, spreading their nets in all directions around them. On 
the other hand, some forms have adopted a sedentary life, attaching 
themselves firmly to some object. An example is seen in the genus 
Haliphysema (Fig. 17), once believed to be a sponge, and in the 
remarkable genus Pohjtrema and allied forms, re(3ently monographed 
by Hickson (282) — organisms which in many cases have a striking 
and deceptive resemblance to corals. 

The test may be secreted by the animal itself, and then is usually 
either chitinous or calcareous, rarely siliceous or gelatinous (Myxo- 
theca) ; or it may be made up of foreign bodies cemented together, 
as in IJaHphysema (Fig. 17), and is termed generally “ arenaceous,’* 
but the materials used may be of various kinds, and th(3 organism 
sometimes exhibits a remarkable power of selection (see p. 3-1, supra). 

The typical form of the shell, as in the Amoobica Testac(;a, is a 
chamber with a w'de aperture — sometimes more than one — 
through which the pscudopodia arc extmded, as in Gromia (Fig. 21). 
In addition to the principal aperture, the wall of the shell may he 
perforated by numerous fine pores, through which also the protoplasm 
can stream out to the exterior. Hence the shells of Foraminifera 
are distinguished primarily as perforate and imperforate, th(3 former 
with, the latter without, fine pores in addition to the principal 
opening. 

Whether perforate or imperforate, the shell remains a single 
chamber in the simple forms, as in the Araoeba 3 aTestacea. In some 
cases, when the animal reproduces itself by binary fission, the proto- 
plasm streams out through the principal aperture to give rise to 
the body of the daughter-individual, which forms a shell for itself, 
and, when the division is complete, separates completely from the 
mother, which retains the old shell. Division of this type is seen 
in Euglypha (Fig. 59). But in many species, when the animal out- 
grows its original single-chambered shell, the protoplasm flows out 
and forms another chamber, which, however, is not separated off 
as a distinct individual, but remains continuous with the old shell, 
so that the animal, instead of reproducing itself by fission, remains 
a single individual with a two-chambered shell. By further growth , 
third, fourth, . . .nth chambers are formed successively, each newly- 
formed chamber being, as a rule, slightly larger than that formed 
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just before. Hence a distinction must bo drawn between mouo- 
thalamous or single-chambered shells and polytMamous shells, 
made up of many chambers formed successively. In the la Her 
type the new chambers may be joined in various vvays to the old, 
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producing dually either a linear or a spiral series, and the utmost 
variety of shape and pattern results in different species (Fig. 93) 
home polythalamous species exhibit a peculiar dimorphism (Fig 94) 
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in some individuals, Imncc termed microspheric, the initial vliiimborof 
the shell is smaller than in others, which are known as megalospheric. 
This point will be discussed further under the reproduction. 

• It may be noted that if, in this order, a species were to form no 
shell, whether from having secondarily lost the habit or as a primi- 
tive form which had never acquired it, then such a species would be 
classed in the order Amoebma Reticulosa. It is very probable that 
many of the large marine “ Protcomyxa ” are allied to tlic true 




Fig. 94 . — Biloculina depressa: transverse sections of (a) the mogalospheric form, 
magnified 50 diameters, and (b) the microspheric form, magnified 90 diameters. 
After Schlumbergcr, from Lister. 


Foraminifera, as forms either primitively or secondarily without a 
test ; and Rhumbler unites the Foraminifera proper with the naked 
forms in the section Reticulosa. 

The body-protoplasm exhibits no marked distinction of ecto- 
plasm and endoplasm. Contractile vacuoles arc present in some 
of the fresh-water genera, but are not found in marine forms. 
The protoplasm contains metaplastic bodies of various kinds, and 
may become loaded with faecal matter in the form of masses of 
brown granules, termed by Schaudinn the “ stercome ” (compare also 
Awerinzew, 281 ). Periodically a process of defaecation takes place, 
whereby the protoplasm is cleared of these accumulations, often as 
a prelude to the formation of a new chamber (Winter, 28 ). The 
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nuclear apparatus varies in diiferent forms, even in the same species, 
as will bo seen in the description of the reproductive processes. 

The marine Foraminifera, so far as they liavo been investigated, 
show a well-marked alternation of generations in their life-history, • 




Fia. 96 . — Pdysiomella crispa: decalcified specimens to show the stracturc of the 
two forms. A, The mcgalospheric type ; B, the microspheric type : h, the 
central cham^rs of the latter more highly magnified ; r., rctral processes ; 
st, communications between the chambers. From Lister. 

combined with dimorphism in the adult condition. An example is 
PdystomeUay which has been investigated by Lister (285) and 
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Schaudinn (131) ; their results liavo been eonfirnicd in the ease of 
Peneroplis by Winter, who gives a useful combined diagram of the 
life -history (28, p. 16, text -fig. A). The microspherie, form 
• (Fig. 95, B.) has many nuclei, which multiply by fission as tln^ 
animal grows, and which also give off chromidia into the body- 
protoplasm. When reproduction begins, the nuclei become resolved 
entirely into chromidia, and the protoplasm streams out of tlie 
shell, which is abandoned altogether. Secondary nuclei are formed 
from the chromidia, and the protoplasmic mass divides up into a 
swarm of about 200 amcebula^ (Fig. 96). Each amtebula contains 
a nucleus and chromidia, and secretes a single-chambered shell, 
which is the initial chamber of a megalospheric individual, d’he 
amcebuloG separate, and ea(!h one feeds, grows, forms new chambers 
successively, and becomes a megalospheric adult. Thus the micro- 
spheric form is seen to be an agamont or schizout, which gives rise 
by a process of schizogony or multiple fission to agametes (amte- 
buhe). The megalospheric form, when full grown, has a single 
large nucleus and numerous chromidia (Fig. 95, A). The nu(deuH 
is that of the amoebula which was the initial stage in the develop- 
ment of this form ; as it grows the nucleus passes from chambei’ to 
chamber, and at the same time gives off chromidia into the cyto- 
plasm, Finally the primary nucleus is resolved entirely into 
chromidia, from whicli a great number of secondary nuehu are 
formed. Hound each such nucleus th(5 protoplasm beconn^s con- 
centrated to form a small cell, which may be termt‘d a ganndo- 
cyte. Ry two divisions of the nucleus and cell -body of the 
gametocyte four gametes are formed, each of which aciquin^s two 
flagella, and is set free as a biflagellatc swarm-spore. In PeueropH'i, 
however, the gametes liavc a single flagellum, and in Allot/romia 
ovoidea the gametes are amcebulac (Swarezewsky). Gam(;tcs pro- 
duced by different individuals copulate, losing their flagella in tlic 
process, and the zygote secretes a minute single-chambered shell, 
and thus becomes the starting-point of the growth of a micro- 
spheric individual. 

From the foregoing it is soon that the mogalo.sphoric form is the garnoni, 
which by multiple fission produce.s the gametocytes, and ulfiniatoly the 
gametes. Thus, if m. represents the microspherie form and M. the mcgalo- 
spheric, am. the amoebula) (agametes), and fl. the flagelluhc (gametes), the 
life-cycle may be represented thus : 

m. — am. — M. — — wi. — am. . . . 

In some cases, however, the life-cycle does not pre.sent a regular alternation 
of sexual and non-sexual generations, but a number of non-sexual generations 
may take place before a sexual generation intervenes; that is to say, the 
megalospheric forms may produce agametes and other megalospheric form.s 
again for several generations, before gainelcs are produced and the sexual 
processes occur. Then the life-cycle may bo represented thus : 

m.—-am.—M. — am.—M.—am. . . . iff.— (/f.-f /f.)— w.— ont*— -3f. . . . 





Fia. 90.— Stages in the reproduction 
of the niicrospheric form of Pohj- 
stomelldcrispa. In rt the protoplasm 
is .streaming out of the shell ; in h 
and c it is becoming divided up 
into amoebulm ; in d the amocbulao, 
having each formed a single- 
chambered shell, are dispersing 
in all directions, abandoning the 
empty sliell of the parent. From 
Lister, drawn from photographs 
of one specimen attached to the 
walls of a glass vessel. 
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Honco the dimorphism of the adults is due to their parentage, ami is imt 
necessarily related to the manner in which they reproduce'. A inicrospla ric 
form is produced sexually, and is always an aganiont ; a megalosplieric form 
is produced non-sexually, and may be either a gamont or an againont. 

Very little is known of the life-cycle of the non-marine geiu'ra. 'I’he only 
form of which the cycle is known with any approach to completem'ss is 
GIdamydophrys stercorea, the only entozoic niemlx'r of tlu^ order, which is 
found in the fjeces of various vertebrates ; a second species, C. scfiaiidinni, is 
distinguished by Schiisshir {A.P.K., xxii., p. 306). The adult form lias a 
chitinous single-chambered shell, and its jirotoplasni contains a single nucleus 
and a ring of chroniidia. It reproduces itself vegcdativc^ly by binary fission, 
and also by multiple fission producing gametes. In tlu^ ganK^te-formation, 
according to ^Schaudinn (131), the nucleus is ejected from the shell togeflu'r 
with all foreign bodies, food-particles, etc. In the shell is left a small quantity 
of protoplasm containing the chroniidia, from which about eight secondary 
nuclei are formed, and then the protoplasm concentrates round ('ach mndmis 
and divid(!s uji into as many cells, tlui gametes, (!ach of w'hich becomes a 
bitlagcllate swarm-spore, and is set free. Tlui gametes co])ulate and the zygote 
encysts. In orchir to develop further, the cyst must be swallowed by a 
suitable host and pass through its digestive tract. If this liaptKms, the cyst 
germinates in the hind-gut, setting free an aiiHebula which forms a shell and 
becomes a young Odatnydophrys, living as a harmless inhabitant of the hind- 
gut, and feeding on various organisms or waste products occurring theni ; but 
according to 8chaudinn it may, under circumstances not yet detiiu'd or 
explainecl, pass from the digestive tract into the peritoneal cavity, and 
multiply there as an amcidioid form without a shell, thus giving ris(! to t he 
organism described by Leyden and Schaudinn, from asciti's-tluid, under the 
name Leydenia gemmipara. 

The Foraminifera as a group comprise a vast number of genera 
and species, both recent and fossil, for an account of which the 
reader must be referred to the larger works. They are classified 
by Lister (286) into ten orders (suborders ?), containing in all thirty- 
two families ; Rhumbler (288) recognizes ten families in all. Tlio 
vast majority are marine, but some of the simpler forms, sucli as 
Euglypha, are found in fresh water, and can scarcely be separated 
from the Lobosa except by the characters of their pscudopodia, a 
feature upon which great Weight cannot be laid as an indication 
of affinity. Until the life-histories of these simpler forms have been 
studied, their true systematic position must be (considered as some- 
what uncertain. But the affinities of such genera as Kuglypfid 
and Chlamydophrys would seem to be with the Lolx)sa Testacea 
rather than with the Foraminifera. 

III. Xenophyophora. 

This group was founded by F. E. Schulze (290) for a number of 
curious organisms of deep-sea habitat, the zoological position of 
which was a matter of dispute. By Haetckel they were believed 
to be sponges allied to Keratosa, such as Spongelliidce, horny sponges 
which load the spongin-fibres of the skeleton with foreign bodies of 
various kinds. Schulze established definitely their relationship to 
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the Rhizopoda by showing that the soft body was a plasmodium 
containing numerous nuclei and chromidia, and forming a 
pseudopodial network, but with no cell-dilfercntiation or tissue- 
formation. 

Tlie body consists principally of a network of hollow tubes in 
which the plasmodium is contained. The wall of the tubes con- 
sists of a liyaline organic substance resembling spongin. In the 
interspaces between the tubes great numbers of foreign bodies 
(“ xeiiophya,” Haeckel) are deposited, such as sand-grains, sponge- 
spicules, Radiolarian skeletons, and so forth. In one family 
(Slannomidce) the xenophya are held together by a system of threads, 
“ linelloD,” in the form of smooth, refringent filaments, approxi- 
mately cylindrical, which pass from one foreign body to another, and 
are attaclied to them by trumpet-like expansions of their ends. 
The substance of the linellae is doubly refractile. and allied to spongin 
in its chem'.cal nature. Schulze compares them to the capillitium 
of the Mycetozoa (see p. 241, infra). 

The protoplasmic body within the tubes contains, in addition 
to nuclei and chromidia, enclosures of various kinds. Many tubes, 
distinguished by the darker colour of their walls, contain cpiantities 
of brown masses, apparently of faecal nature, and comparable to 
the stcrcome of the Foraminifera (p. 233). In otlier tubes, lighter 
in colour, there are found small, oval, strongly-refractilo granules, 
or “ granellae,” which consist chiefly of barium sulphate. Schulze 
terms the system of stercome-containing tubes the “ stcrcomarium,’’ 
and those that contain graiielhc the “ granellarium.” The tubes 
of cacli system are distinguishable by their mode of branching, as 
well as by their colour and contents. In the tubes of the granel- 
larium the protoplasmic bodies are often found to contain isolated 
cells or groups of cells, each with a single nucleus, which are prob- 
ably stages in the formation of swarm-spores. Hence the sterco- 
marium probably represents the purely vegetative part of the body, 
in which the waste products of metabolism are deposited, while tlie 
granellarium is a differentiated region of the plasmodium in which 
the reproductive elements are produced. 

Nothing is known of the actual life-cycle of these organisms, but 
from the appearances already described, seen in preserved speci- 
mens, Schulze conjectures that they reproduce by formation of 
swarm-spores, much as is known to take place in the Forara- 
inifera. 

The affinities of the Xenophyophora are seen to be with the 
Foraminifera. In their habit of forming a skeleton of foreign 
bodies they resemble the arenaceous Foraminifera, in which, how- 
ever, the foreign bodies build up the house which directly encloses 
the soft body, while in the Xenophyophora the soft body is en- 
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closed actually within the system of tubes. Nothing similar to the 
linellae is known in any Foraminifera. 

For the classification of the Xenophyophora and their genera see 
^ Schulze (290). 


IV. Mycetozoa. 


The Mycetozoa are a group of semi-terrestrial Rhizopods occur- 
ring in various situations, especially on dead wood or decaying 
vegetable matter of various kinds. Tlieir most characteristic 


features are the formation of plasmodia, which represent the adult, 
vegetative phase of the life-history, and their method of repro- 
duction, consisting in the formation of resistant spores very similar 
to those of fungi. The Mycetozoa were originally classified amongst 
the Fungi as a group under the name Myxomycetes, but the in- 
vestigations of de Bary first made clear their Rhizopod affinities. 

The life-history of a typical member of this group exhibits a 
succession of phases, the description of whicli may convenicuitly 
begin with the spore. Each spore is 


a spherical cell with a single nucleus, 
enclosed in a tough protective envelope 
which enables it to resist desiccation. 
It may be dormant for a considerable 
period, and germinates when placed 
in water. Tiie envelope bursts, and 
the contained cell creeps out as 
an amcebula with a single nucleus 
(Fig. 97), the so-called “ myxamoeba.” 
After a time the amcebula develops 
a flagellum, and becomes a flagellula 
or zoospore (“ myxoflagellate”), which 
feeds and multiplies by fission. The 
flagellula (Fig. 98) retains its amceboid 



Fig. 97. — ^Tlio hatching of a spore 
of FiUigo septica. a, Spore; 6, 
c, contents emerging and under- 
going amoeboid movements prior 
to the assumption of the llagel- 
lula-stage ; d, flagellula. c.v., 
Contractile vacuole. After Liskr, 
magnified 1,100. 


form, and sometimes also the amoeboid method of locomotion, the 


flagellum appearing to act as a tactile organ. It captures bacteria 
and other organisms by means of its pseudopodia, nourishing itself 
in a holozoic, perhaps also in a saprophytic, manner. It also 
may become temporarily encysted. 

The flagellate phase is succeeded by a second amoeboid stage, 
the flagellum being lost. The amoobulae of this stage tend to con- 
gregate together in certain spots, and the groups thus formed fuse 
together (their nuclei, however, remaining separate) to form the 
plasmodium, the dominant vegetative stage, which feeds and grows, 
its nuclei multiplying as it .does so, until from the small mass of 
protoplasm formed originally by the amoebulaB, with relatively few 
nuclei, it becomes a sheet or network of protoplasm, which may 
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be several inches across and contain many thousands of nuclei. 
The plasmodium moves about in various directions, showing 
exquisite streaming movements of the proto- 
plasmic body (Fig. 99). The nature of the « 
food varies in different species ; the majority 
feed on dead vegetable matter, but some 
attack and devour living fungi. The mode 
of nutrition is generally holozoic, but in 
some cases perhaps saprophytic. Contractile 
vacuoles are present in large numbers in 
the protoplasm, in addition to the innumer- 
able nuclei, which are all similar and not 
differentiated in any way. The plasmodia 
are often brightly coloured. 

From their mode of life, the plasmodia 
are naturally liable to desiccation, and when 
this occurs tlie plasmodium passes into the 
selerotial condition, in which the proto- 
plasm breaks up into numerous cysts, each 
containing ten to twenty nuclei. When 
moistened, the cysts germinate, the con- 
tained masses of protoplasm fuse together, 
and so reconstitute the active plasmodium again. 

The plasmodium represents the trophic, vegetative phase, which 
is succeeded by the reproductive phase, apparently in response to 
external conditions, such 
as drought, but more es- 
pecially scarcity of food. 

The reproduction begins 
by the plasmodium be- 
coming concentrated at 
one or more spots, where 
the protoplasm aggre- 
gates and grows up 
into a lobe or eminence, 
the beginning of the 
sporangium (Fig. 100), 
the capsule in which the 
spores are found. The 
sporangium is modelled, 
as it were, on the soft 
protoplasmic body, and 
takes the form of a 
rounded capsule, attached to the substratum by a disc-like 
attachment known as the hyfoihallus* Between the sporangium 



Fio. 99. — Part of a plasmodium of Badhamia 
utrkularia expanded over a slide. From 
Lister, magnified 8 diameters. 



Fio. 98. — Flagellula of 
Stemonitis fusca, show- 
ing sucoossivo stages in 
the capture of a bacillus. 
In fl it is captured by 
one of the pseudo])odia 
at the liinder end ; in c 
it is enclosed in a diges- 
tive vacuole. Another 
bacillus is contained in 
an anterior vacuole. 
From Listc^r, magnified 
800. 
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proper and the hypothallus tlio body may be drawn out into 
a stalk. 

The first events in the reproductive process are tlie formation of 
^ the protective and supporting elements 
of the sporangium. Over the surface 
of the lobe a membrane or envelope is 
secreted, the “ peridium,” and in the 
interior of the protoplasmic mass a 
network, or rather fcltwork, of filaments, 
the “ capillitium,” is produced, of 
similar nature to the peridium, and in 
continuity with it ; peridium and 
capillitium contain cellulose or allied 
substances, and the former may contain 
carbonate of lime in some species. 

During the formation of the pro- 
tective perklium and the supporting 
capillitium the protoplasmic mass 
remains in the plasmodial condition, 
but when the accessory structures are 
completely formed the actual sj)orc- 
forniation begins. According to recent 
investigations, spore-formation is initi- 
ated by the degeneration of a certain 
number of the nuclei ; the nuclei that 
persist then divide by karyokinesis simultaneously tliroughout the 
whole plasmodium. Tlio protoplasm then becomes divided up, 
directly or indirectly, into as many 
masses as there are nuclei. The cells 
thus produced, lying in tlio interstices 
of the capillitium, become surrounded 
each with a tough membrane, and are 
the spores (Fig. 101). Tliey are 
liberated by bursting of the peridmm, 
and the hygroscopic properties of the 
capillitium are the cause of movements 
in it which assist in scattering the 
spores. With the formation of the 
spores the life-cycle has been brought 
round to the starting-point that was 
selected. The spores are scattered in 
all directions by the wind, and 
germinate in favourable localities. 

The account given above may be taken as describing the typical series of 
events in the life-history, which is liable to considerable variations in particular 

16 



Fig. 101. — Trichia varia : part of 
a section through a sporan- 
gium after the spores are 
formed ; threads of the capil- 
litium are seen in longitudinal 
and transverse section. From 
Lister, magnified 650 dia- 
meters. 



Fio. 100 . — Badhaviia ulrkularis. 
a, (Iroiip of sporangia, magni- 
fied 12 ; 6, a cluster of spores ; 
c, a single spore ; d, part of tlio 
capillitium containing lime- 
granules: b and d magnilied 
170. Fiom Lister. 
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types. In the subdivision termed the Sorophora or Acrasi® there is no 
llagollula-stago in the life-history, and the amoobiilae which are produced 
from the spores aggregate together, but form only a pseudo -plasmodium, 
in which the constituent amcebuhe remain distinct, without fusion of their 
protoplasmic bodies, each amoebula multiplying independently. The details 
of the reproductive process also vary greatly. In the division known as * 
the Exosporcoo, represented by the genus Cemtiomyxa, no sporangium is 
iormed, but the plasmodium grows up into antler-like processes, s'porofhores, 
over the surface of which the plasmodium divides up into a mosaic of cells, 
each containing a single nucleus of the plasmodium. Each cell becomes 
a spore, which is produced on the free surface of the sporophore, and drops 
oil when ripe. In the Sorophora the amoebie associated in the pscudo- 
plasmodium are not all destined to become reproductive individuals ; some of 
them join together to secrete a stalk, and develop no further ; others form 
clusters (“ sori ”) of naked spotf&s on the .stalk. 

The cytological details of the life-history of the Mycetozoa have been the 
subject of a series of studies by Jahn, who, however, in his latest investigations, 
has come to conclusions different from those at which ho arrived in his earlier 
works. According to the earlier accounts given by Jahn and Kriinzlin, the 
spore -formation was preceded by a fusion of nuclei in pairs throughout the 
sporangium, a process which was regarded as the true sexual karyogamy, 
and was followed by reducing divisions. According to Jahn’s latest investiga- 
tions (294), however, the nuclear fusions observed in the sporangium take 
place only between degenerating nuclei, and are to be interpreted as purely 
vegetative phenomena which have nothing to do with the true sexual process, 
whicli is stated to bo as follows : The nuclear division which immediately 
precedes spore -formation is a reducing division, whereby the number of 
chromosomes is reduced from sixteen to eight. Consequently the nuclei of 
the spores, and also tho swarm-spores produced from them, both llagollulaj 
and aintcbuhe, have half tho full number of chromosomes. In Physarurn 
didermoidea the amcebulye multiply by fission, with mitoses showing eight 
chromosomes. After a certain number of such divisions, the amcebuhe 
copulate in pairs as gametes. The zygotes thus formed are the foundation 
of tho plasmodia ; when one zygote meets another it fuses with it, tho nuclei 
remaining separate, and by repeated fusions of this kind the plasmodia are 
formed. When, on the other hand, a young plasmodium or a zygote meets 
an amoebula (gamete), it devours and digests it. The nuclei of tho plasmodia 
multiply by mitoses which show sixteen chromosomes. 

In Ceratiomyxa tho reduction-division preceding spore-formation is followed 
by degeneration of one of the two daughter-nuclei ; the other becomes the 
nucleus of tho spore. Within the spore the nucleus divides twice, forming 
four nuclei, and as soon as tho spore germinates the contents divide into four 
amccbula), which adhere in tho form of a tetrahedron. Each amoebula has 
eight chromosomes in its nucleus, and divides into two amoebulae, also with 
eight chromosomes. Each of tho amoebulce develops a flagellum and swims 
ofl:’. Possibly in this genus the syngamy takes place between flagellula;. 

From the investigations of Jahn, it is clear that the swarm-sporcs of 
Mycetozoa, like those of other Sarcodma, arc the gametes ; their nuclei have 
undergone a process of reduction, and represent pronuclei, which after a 
certain number of divisions give rise by syngamy to synkarya, from which 
tho nuclei of tho vegetative phase, the plasmodium, takes origin. 

The Mycetozoa are classified by Lister (297) as follows : 

Suborder I. : Euplasmodida (Myxogastres, Myxomycetes sens, strict.). — 
Mycetozoa with a flagollula -stage and a true plasmodium formed by plasto- 
gamic fusion of amcebulac. This suborder comprises forms with the full life- 
cycle described above. 

Section 1. Endoaporece, — Spore-formation within a sporangium. Examples : 
Badhainia, Fuligo {Mhalium), etc. 

Section 2. EctosporecB. — Spores formed on tho exposed surface of sporo- 
phoros. Example : Ceratiomyxa, 
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Suborder II. : Sorophora (Acrasia^ Pscudoplasinodida). — With no 
llagollato stage in the life-history; tho amcBbiila do not fuse completely to 
form a true plasmodiurn ; tho spores are formed in clusters (“ sori ”). Hero 
belong various genera, for the most part found in dung, such as Dktyostelium 
, and Cojmmyxa. Acrasis occurs in beer-yeast. 

In addition to tho typical Mycetozoa belonging to those two suborders, 
there arc a number of forms on the border-line, referred by some authorities 
to the Mycetozoa, by others to other orders, such as the Proteomyxa. It 
is only possible to refer very briefly to these genera here. 

In tho first place, there are a number of parasitic forms, placed togctlu'r 
by Doflein in the suborder Phytomyxinos, Schrotcr. In this subordt^r no 
sporangium is formed, the process of 8{)ore -formation being simplified, 
probably, in correlation with the parasitic mode of life. The typical inemlaTs 
of this group are parasites of plants, but some recently-described parasites 
of insects have been assigned to Phytomyxinas. Tho best known example of 
the group is the common Plastnodiophora brassicce, which attacks tho roots 
of cabbages and other Cruciferm, producing a disease known as “ Fingers 
and Toes ” (“ Kohlhornio ”), characterized by knotty swellings on the roots. 
Other genera parasitic on plants are Tetramyxa and Sorospheera. 

In Plasmodiophora tho spores germinate to produce flagelluhe, which are 
liberated in water or damp earth, and which in some way pemetrato into the 
cells of the plant, and there appear as the myxanuebaj after loss of tho llagel- 
lum. Tho youngest myxamoeba) seen have two nuclei. They grow in tho 
cell-contents with multiplication of their Jiiiclei, and fuse with one another 
to form plasmodial masses which fill the cell after absorption of its contents. 

In a diseased plant a number of cells are attacked by the parasite, and it is 
not certain whotluir tho myxammba) can pass from one cell to another, and so 
spread tho infection, or whether all tho infected cells are derived from thij 
multiplication of tlie first cell infected. Tho second view, maintained by 
Nawaschin, is supported by Prowazek, and also by Blomfield and Schwartz, 
with regard to the allied genus Sorosphmra. 

When the host-cell is exhausted, the reproductive phase begins, according 
to Prowazek (127), by the nuclei of the plasmodiurn throwing out numerous 
chromidia, and becoming in consequence very indistinct. In Sorospheara at 
this stage (Blomfield and Schwartz) tho nuclei disappear altogether, being 
entirely resolved into chromidia from which secondary nuclei are formed. 
Spore -formation, preceded by sexual processes, takes plage in tho manner 
described above (p. 149, Fig. 76). In Sorosphwra, Blomfield and Schwartz 
found that, after reconstitution of the generative nuclei, the plasmodiurn 
divides up into uninucleate cells, each of which divides twice by karyokinesis ; 
after these divisions tho cells become arranged as a hollow sphere, tho “ soro- 
sphero,” and each cell becomes a spore. No cell-fusions or synganiic processes 
were observed. 

As stated above, certain parasites of insects are referred to this order 
by L^gcr. Such are the genera Sporomyxa, Lcger (295), Mycetosporidium, 
Lcger and Hesse, and Peltomyces, Legcr {G.R.A.S., cxlix., p. 239). Zoomyxa 
legeri, Elmassian (637), parasite of the tench, is perhaps also to be referred 
to the Mycetozoa. The position of these forms must, however, be considered 
somewhat doubtful at present. Chatton has thrown out the sugg(J8tion 
that tho affinities of Peltomyces are rather with the Cnidosporidia (p. 409), 
through the genus Paramyxa recently found by him (761). 

Lastly, mention must be m;ulo of the remarkable genera Chlamydomyxa, 
Archer, and Labyrinihula, Cienkowski, tho affinities of which are still obscure. 
By Lankester (11) they were ranked as an independent order of the Sarcodina 
under tho name Labyrinthulidea ; by Delago and Herouard (6) and others 
they are placed as a suborder, Filoplasmodida, of the Mycetozoa. 

CMamydomyxa is a fresh- water genus occurring either free or encysted. 
Its most remarkable feature is tho possession of chromatophores which enable 
it to live in a holophytic manner, and consequently to assimilate and grow 
when encysted. On the other hand, when free it forms a network of long. 
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filamentous psoudopodia, by means of which it is able to digest food in tlie 
ordinary holozoic manner. The body is a plasmodiurn containing, in addition 
to numerous nuclei, chromatophores, and {xjculiar “oat-shaped bodies,” 
“spindles,” or “ physodes,” stated to consist of phloroglucin. The cyst- 
envelopo consists of cellulose, and has a stratified structure. In addition to , 
reproduction by fission (plasmotomy), Chlamydomyxa appears to form flagel- 
late swarm -spores, possibly gametes. 

Labyrinthula occurs in marine and fresh water. In the active state it has 
the form of a network of filaments, 1 millimetre or so in extent, over which 
travel a great number of “ units,” each a nucleate cell or amoebula, sometimes 
brightly coloured. When dried, each unit encysts and hatches out again 
separately. The units multiply by fission. They were formally compared 
erroneously with the “spindles” of Chlamydomyxa. Lister (298) regards 
Labyrinthula as a colonial organism of which the units remain in connection 
by their psoudopodia. Ho considers these two genera as related in one 
direction to certain members of the Foraminifera [Oromiidos), in other drections 
to the Hcliozoa and the Proteomyxa. 

V. Heliozoa. 

The Heliozoa are cliaraetcrizod, as a grouj), by their spherical 
form and stiff, radiating pseudopodia, whence their popular name 
of “ sun-animalcules.” As in the case of the Radiolaria, these 
peculiarities of form are generally correlated with a floating habit 
of life, though in a few cases the animal is sedentary and attached 
to a firm support. In contrast with the Radiolaria, a “central 
capsule” (p. 250) is absent from the body-structure. A skeleton 
may bo present or absent. The majority of species inhabit fresh 
water, but a few are marine. 

General Characters . — As in other orders of Sarcodina, a concise 
statement of the characteristic features of the group is rendered 
difficult by the occurrence of border-line forms, of which the exact 
position is doubtful. It is best, therefore, to consider first typical 
forms of which the position is incontrovertible, and then those 
which link the Heliozoa to other groups of Protozoa. 

The body-protoplasm exhibits commonly a vacuolated, frothy 
structure, with distinct cortical and medullary regions. The cor- 
tical zone, distinguished by vacuoles of larger size, disposed in a 
radiating manner, is regarded as ectoplasm ; the medullary region, 
with smaller vacuoles irregular in arrangement, as endoplasm ; 
but it is open to doubt if those two regions correspond truly to the 
ectoplasm and endoplasm of an amoeba. The cortex contains the 
contractile vacuoles, and gives off the pseudopodia, which arc 
typically stiff, straight, and filamentous, ending in a sharp point 
and supported by an axial organic rod (p. 48) ; but in some genera 
the supporting axis is wanting. In the medulla are lodged the 
nuclear apparatus, the food- vacuoles, and frequently also symbiotic 
organisms, which are probably in most cases vegetative, non- 
fiagellate phases of holophytic flagellates (Chlamydo monads). 

As regards the nuclear apparatus, there are two types of arrange- 
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ment (compare p. 90). In tlie first or Aciinofhrys-iy^Q (Fig. 46) 
tlio nucleus is central, and the pseudopodia are centred on it. 
Aciinos'phopriuin (Fig. 3) can bo derived from this type by multi- 
. plication of the nucleus, originally single, until there may bo some 
hundreds present in largo specimens. The marine form Campto- 
nema nutans^ Schaudinn, is perhaps also to be referred to this type 
of structure ; it has as many pseudopodia as there are nuclei present, 
each pseudopodium arising directly from a nucleus (p. 91, Fig. 47). 

In the second or Acaniliocysiis-iy^a (Figs. 18, 64) the centre of 
the spherical body is occupied by a “central grain” (p. 91), on 
which the axial rays of the pseudopodia are centred. The nucleus, 
on the other hand, occupies an exccntric position in the body. In 
this typo there is a tendency to a sessih^ habit of life, the animal 
being attached by the surface of the l>ody, which may grow out 
into a stalk, as in Clalhmlhia (Fig. 19). In the interesting marine 
genus Waynerella (Fig. 48), the surface of attachment has become 
drawn out in such a way that the body is divided into three parts— 
basal plate, stalk, and head. The nucleus is situated in the basal 
plate. The head contains the central grain, from which the pseudo- 
podia radiate. Thus, in this genus the exccntric position of the 
nucleus is carried to an extreme ; it may bo regarded as having 
grown out from the body in a lobe or prolongation which forms the 
basal plate and stalk, while the original body remains as the head 
with the central grain and pseudopodia. 

The skeleton, when present, may take various forms. It may 
bo a simple gelatinous investment, or may contain mineral (sili- 
ceous) substance either in the form of loose, radiating spicules, as 
in Acanthocystis, or of a continuous lattico-like investment, as in 
Clalhrulina, In Wagnerella the basal plate and stalk are protected 
by a tough yellowish organic membrane, replaced in the head by 
a colourless gelatinous layer, and both head and stalk are further 
protected by siliceous spicules, which are formed in the protoplasm 
and transported by protoplasmic currents (Zuelzer, 86). 

Life- History. — Reproduction in the free vegetative phase is 
effected by binary fission or gemmation. Imperfect binary fission may 
lead to colony -formation, as in Rhaphidiophrys. The sexual phases 
are only known accurately in a few cases. In Actinophrys, Schaudin n 
described copulation within a cyst (p. 132, Fig. 71), with subse- 
quent division of the zygote and liberation of two individuals from 
the cyst. In Actinosphoerium (Hertwig), encystment of a large 
multinucleate individual is followed by degeneration of about 
95 per cent, of the nuclei ; the remainder appear to fuse in pairs, 
and the body then divides into as many cells as there are nuclei. 
Round each cell a separate “ primary ” cyst is secreted within the 
gelatinous “ mother-cyst ” originally formed round the whole mass. 
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Each primary cyst then divides into two secondary cysts, which 
after nuclear reduction becoine tlie gametes and copulate. The 
zygote develops into a young Actinosphmrium with several nuclei, 
which emerges from the cyst and begins a vegetative life, but appears . 
to divide frequently at the start into uninucleate, 9-like 

forms. 

In other genera, on the other hand, and especially in those of the 
Acantkocystis -ty pa {AcanthocAjslis, Clailirulina, and Wagnerella), 
flagellate swarm -spores are formed, which probably represent 
gametes, as in many other Sarcodina. 

The life-history of Wagnerella has recently been studied in detail by 
Zuelzer (8G) ; her investigations reveal a diversity in its modes of reproduction 
almost as great as that seen in Arcella, and indicate that there is much yet 
to be discovered with regard to the life-cycles of other forms. 

Wagnerella exhibits, according to Zuelzer, dimorphism correlated with 
alternation of generations. In June and July stout forms are observed, 
which are believed to arise from the conjugation of gametes ; they reproduce 
by binary fission, and by a process of schizogony giving rise to aiiKebuhe 
(agametes). The more usual form, on the other hand, is smaller and more 
slender, and multiplies by binary fission, gemmation, and formation of 
fiagellato swarm -spores. Hence this peculiar form reproduces in a variety 
of ways. In the process of binary fission the nucleus migrates from the 
base up the stalk into the head, and places itself beside tlie central grain, 
which divides, its two halves passing to opposite sides of the nucleus ; then 
the nucleus follows suit and divides also. Divisions of the central grains, 
and subsequently of the corresponding nuclei, may be repeated until eight to 
ton nuclei and as many central grains are present. Each nuclear division 
is followed by division of the head, at first incomplete, so that a condition 
results resembling tho colonial form Rhaphidiophrt/s, a number of daughter- 
individuals united together, and each sending out pseudopodia (Fig. 102, D). 
After a time tho colony breaks up, tho daughter-individuals separate, and 
each one fixes itself and grows into tho adult Wagner ella-iorm. 

Bud-formation in Wagnerella (Fig. 102, A — C) is initiated by division 
of the karyosomo within tho nucleus, which retains its position in the base. 
The process is repeated until tho nucleus contains a number of karyosomes, 
each with a contriole. The nucleus then buds off one or more small daughter- 
nuclei, each containing a single karyosome. Sometimes the nucleus breaks 
up entirely into as many daughter- nuclei as there are karyosomes, in which 
case the parent-individual dies off, in a manner similar to Arcella (p. 180), 
after liberation of the buds. Each daughter-nucleus migrates up the stalk 
into the head, where it becomes surrounded by a layer of protoplasm to form 
the bud, which is set free at first as an amoeboid body. Before or after being 
sot free, the bud may multiply by binary fission with mitosis, in which the 
contriole in the karyosomo acts as a centrosome. Finally each amoeboid 
body develops into a Wagnerdla^ and in the process tho contriole passes out 
of tho nucleus and becomes the central grain, while the nucleus becomes 
displaced from tho centre. In tho process of gemmation the central grain 
of tho parent -individual takes no share whatever. 

In the formation of the swarm-spores, minute secondary nuclei arise from 
chromidia near the principal nucleus in the base. Each secondary nucleus 
forms a centriole and divides by mitosis ; tho division is repeated until tho 
whole body, stalk and head as well as base, is filled with small nuclei, while 
the primary nucleus degenerates. Tho body then divides up into as many 
colls as there are secondary nuclei, each cell becoming a biflagellate swarm- 
spore which is set free, while the parent-individual degenerates. The destiny 
of tho swarm-spores is uncertain, but they are believed to be gametes. 
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In ilio “ schizogony ” of tho stoufc forms the nucleus breaks up into a number 
of daughter-nuclei, as in gemmation ; each daughter-nucleus grows, its karyo- 
some multiplies by fission, and it breaks up in its turn into granddaughter- 
nuclei. Continued multiplication of the nuclei in this manner proceeds 
until tho body is filled with vesicular nuclei ; it then breaks up into as many 
amo^bulre, which an; set free, leaving a n'sidual body with tho central grain, 
which degenerates. 



Fca. 102 . — WagnereUa liorealis, showing budding and fission. A, Specimen with 
a single bud (6) : c.g., central grain ; B, specimen with four buds {&) ; G, en- 
larged view of tho head of a specimen containing two buds (6) in process of 
extrusion ; D, specimen in which the head has multiplied by fission to produce 
a Rha'phidiophrya-Wko colony ; six individuals are seen, five of them each 
with nucleus and central grain, tho sixth in process of fission, with two nuclei 
and two central grains, ^tor Zuelzer (86). 

The Heliozoa are classified into four suborders : 

Suborder I. : Aphrothoraca. — Body naked in the active state ; 
envelopes, sometimes with siliceous spicules, only formed during 
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cncystment. Examples : AcMnophrys (Fig. 46), Actino.^iphcenum 
(Fig. 3), Campionerna (Fig. 47), etc. 

Suborder II. : Chlamydophora. — Body protected by a soft gela- 
tinous envelope, but without solid skeletal elements. Example : 
Astrodisculus. 

Suborder III. : Ohalarothoraoa. — Body invested by a soft 
envelope containing isolated spicules, usually siliceous, sometimes 
chitinous. Examples : Acanthocysiis (Figs. 18, 64, 68), Wagnerella 
(Figs. 48, 102), Helerophryft (Fig. 103). 

Suborder IV. : Desmothoraca. — Body invested by a continuous, 
lattice-like skeleton. Example : Clathrulina (Fig. 19). 



Fio. 103 . — HeteropJirys fockei, Archer. c.,c., Contractile vacuoles ; 8., radial chiti- 
nous spines surrounding the envelope. A nucleus is present in the body, but 
is not shown ; the bodies in the protoplasm represent zooxanthellse. From 
Weldon and Hickson, after Hertwig and Lesser. 

A certain number of genera must bo mentioned which are of doubtful 
position, referred by some authorities to the Heliozoa, by others to other 
orders. Some of those genera perhaps do not represent independent, “ adult ” 
forms, but may bo only developmental phases of other genera. Nuclearia, 
classed by some in the Aphrothoraca, by others in the Proteomyxa, has an 
amoeboid body and psoudopodia without axes. As described above (p. 177 
and Fig. 80), a Nuclearia-stage occurs in the development of Arcella. 

Especially remarkable are certain genera which indicate a close relation- 
ship between Heliozoa and Flagellata. An account of several such forms is 
given by P4nard (302), in addition to which the following may bo noted : 
Ciliophrys, Cienkowski, has two phases ; in the one it appears as a typical 
Heliozoon with stiff radiating pseudop^ia; in the other it is a typical 
flagellate. In the process of transformation the Heliozoon-form retracts its 
pseudopodia, its body becomes amoeboid, and a flagellum grows out ; finally 
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tho animal becomes a pear-shaped flagellate swimming by means of its 
flagellum (Schewiakoff, 863; (^aiillery, 3()0). CiliophryH thus recalls Pmido- 
spora in its two phases (p. 218), and there can bo little doubt that the two 
forms are closely allied. 

, Dimorpha nutans, Gruber (Fig. 104), has radiating pseudopodia strengthened 
by axial rods, and in addition a pair of flagella arising close together at one pole 
of tho body. Both flagella and pseudopodia arise from a centrosomo situated 
near the flagellated polo ; the single nucleus is also excentric and placed 
close beside the centrosomo. The animal uses one of its flagella for attach- 
ment, while the other remains free (Schouteden). 

These facts appear to indicate an origin for tho Holiozoa from Flagellates 
such as those of tho genus Multicilia (p. 270, Fig. 113), in which the body 
bears radiating flagella planted evenly over tho surface ; transformation of 
tho flagella into stilT pseudopodia would produce tho Heliozoon - typo of 
organism. On sucli a view two peculiarities of tho Hcliozoan pseudopodia 
riiceivo explanation : the power of nutation and bending which they fro- 



Fia. 104 . — Dimorpha nutans. After Schouteden. 


quently possess ; and their insertion on a “ central grain,” which would then 
represent the blepharoplast, pure and simple, of a flagellate. On this view 
the pseudopodia of the Heliozoa would appear to bo structures quite different 
in nature from the similarly-named organs of Lobosa. 

On tho other hand tho Heliozoa also show affinities towards forms classed 
among the Reticulosa or ” Proteomyxa,” as already noted in tho case of 
Ciliophrys and Pseudosporq. Przesmycki has described a species, Endophrys 
rotatorium, parasitic in Rotifers, which ho considers as a connecting-link 
between Nuclearia and Vampyrdla. The exact systematic position of such 
genera must be considered at present an open question. 

VI. Radiol ARIA. 

General Characters . — The Radiolaria are characterized, speaking 
generally, by the same type of form and symmetry that is so 
marked a feature of the Heliozoa, thougli in many cases the internal 



250 


THE PROTOZOA 


structure of the body, and especially the skeleton, may depart more 
or less widely from the radiate symmetry which is to be regarded, 
probably, as primitive for the group. Hence three principal types 
of symmetry can be distinguished in these organisms : (1) Homaxon ^ 
(Figs. 13, 105, 107), in which all axes passing through the centre 
are morphologically equivalent, the symmetry of the sphere ; 
(2) monaxon (Fig. 109), in which the body has a principal or vertical 
axis round which it is radially symmetrical, the type of symmetry of 
the cone ; (3) hilatemlly symmetrical (Fig. 106), in wliicli the body 



Fig. 106. — Acanthometra elastica, Hacckcl. sp., Radiating spines of the skeleton 
(twenty in number, but only twelve are seen in the figure) ; p$., pseudopodia ; 
c., calymma ; c.c., central capsule ; N., N., nuclei ; x, yellow cells ; my., myo- 
phrisks. After Biitschli, Louckart and Nitsche’s “ Zoologische Wandtafeln. ” 

can bo divided along a principal plane into equivalent right and 
left halves. With further modification the body may become 
asymmetrical. Sedentary forms are not kfiown in this group, the 
species of which are exclusively marine, and occur on the open 
surfaces of seas and oceans, reaching in many instances a re’atively 
large size and a very high degree of structural differentiation. 

In the internal structure, the most salient feature is the division 
of the body by means of a membranous structure, termed the 
central capsule (Fig. 13, CK), into a central medullary region and a 
peripheral cortical zone — hence distinguished as the intracapsular 
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and extracapsular regions of tlic body. The intraeapsular medulla 
contains the nucleus or nuclei, and is the s('at of n^prodmdive 
processes. The extracapsular cortex is the seat of assimilation, 
• excretion, food-capture, and of such locomotor processes as these 
organisms are able to perform, consisting chiefly of rising or sinking 
in the water by means of changes in a hydrostatic apparatus 
presently to be described. 

The Radiolaria are an exceedingly abundant group represented by a grtiat 
number of species both at the present time and in past ages ; over vast 
tracts of the ocean-floor their skeletons are the principal, almost the sole 
constituents of the ooze ; and the same must have been true in past times, 
since in many geological deposits the rocks are composed of the same materials. 
Every microscopist is familiar with their skeletons, which on account of 
theur beauty and variety of form are favourite objects for microscopic study 
and demonstration. Corresponding with the variety of forms and spcics, 
tlio internal structure shows a range of variation and differentiation which 
it is impossible to deal with adequately in a short space ; it must suffice, 
therefore, to describe here the main structural peculiarities of this group 
in a general manner, and to indicate briefly the principal variations of structure 
which are of importance for the classification of the group. For further 
information the reader must Ix) referred to the larger treatises and special 
monographs. 

Structure . — The central capsule, absent in rare cases, may be a 
thin, delicate structure, visible only after treatment with reagents, 
or may be fairly thick. In homaxon forms it is generally spherical, 
but may assume various shapes correlated with the geiieral body- 
form, and even may be lobed or branched. It is perforated by 
openings which place the intraeapsular protoplasm in communica- 
tion with the extracapsular ; the openings may take the form of 
fine pores scattered evenly over the whole surface (Peripylaria) ; of 
similar pores aggregated into localized patches, pore-areas or pore- 
plates (Acantharia) ; of a single pore-plate at one pole of an asym- 
metrical capsule (Monopylaria, Fig. 106) ; or of one principal and 
two lateral apertures (Tripylaria). 

The intraeapsular protoplasm contains the nuclear apparatus, 
either one nucleus of very large size or a number of smaller nuclei 
(Fig. 105). In addition, various bodies of metaplastic nature, 
serving as reserve-material for the reproductive processes, are 
found in this region, in the form of fat-globules, oil-drops, concre- 
tions, crystals, etc. 

The extracapsular region consists of three zones, from within 
outwards : (1) an assimilative layer or matrix immediately sur- 
rounding the capsule ; (2) a vacuolated layer, known as the “ cal- 
ymma,” hydrostatic in function ; (3) a protoplasmic layer from 
which the pseudopodia arise. 

1. The assimilative layer contains pigment, representing ex- 
cretory substances and ingested food-material in the shape of small 
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organisms captured by the pseiidopodia and passed into the body, 
to be digested in tliis region. In tlio Tripylaria an aggregation of 
food-material and excretory substances produces a characteristic 
greenish or brownish mass concentrated round the main aperture, 
of the central capsule, and known as the flmodivm, whence this 
suborder is sometimes known as the Phacodaria. 

2. The calymma is composed for the most part of a great number 
of vacuoles containing fluid, the function of which is hydrostatic ; 
the contents of the vacuoles are stated to be water saturated with 
carbon dioxide, causing the animal to float at the surface, and 
enabling it to regulate its position 
in relation to conditions of environ- 
ment. Ill rough weather the vacuoles 
burst or are expelled from the body, 
and the animal sinks into deeper and 
quieter layers of water; there fresh 
vacuoles are formed, enabling it to 
return again to the surface if the 
conditions arc favourable. Contractile 
vacuoles of the ordinary typo are not 
present. 

In addition to the vacuoles, the 
calymma contains numerous “yellow 
cells,” generally regarded as sym- 
biotic organisms of vegetable nature, 
and named “ zooxanthella) ” or 
“ zoochlorellsB,” according to their 
colour. Absent in the Tripylaria, 
these yellow colls are found, as a 
rule, in the calymma, but in 
Acantharia they occur in the intra- 
capsular protoplasm (Fig. 105, x). 
The nature of the yellow cells of 
Acantharia has been much disputed, 
and many observers have regarded 
them as an integral part of the organism itself ; this view has 
recently been revived by Moroff and Stiasny, who bring forward 
evidence to prove that the yellow cells of Acantharia are a 
developmental phase of the organism. Still more recently this 
view has been extended by Stiasny to the colony-forming 
Sphserozoa in the first place, and then to Radiolaria generally. 
The difficulty in the way of such an interpretation which arises 
from the co-existence, in Thalassicolla and other genera, of yellow 
cells in the calymma, with an undivided nucleus in the host- 
organism, is met by supposing that in such cases developmental 



Fig. 106. — Lithocircus 'producius, 
Hertwig, showing a bilaterally 
symmetrical skeleton consisting 
of a simple siliceous ring pro- 
longed into spioular processes. 
sk., Skeleton ; c.c., central cap- 
sule ; p/., pore-area, surmounted 
by a conical structure (c.), the 
so-called “ pseudopodial cone ” ; 
N., nucleus ; o., oil-globule. 
After Biitsohli, Leuokart and 
Nitsche’s “ Zoologisohe Wand- 
tafeln.” 
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stages of other Radiolarians have penetrated into tlie calymma, 
and live there symbiotically — a supposition whicli is eertaiidy in 
need of further proof before it can be accepted. 

, 3. The most external layer of the body is a protoplasmic envelope 

from which the pseudopodia radiate. In Radiolaria, speaking 
generally, the pscudopodia are straight, slender, and filamentous, 
composed of motile protoplasm entirely (“ myxopodia ”) ; but in 
Aeantharia some of the pseudopodia are, like those of Heliozoa, 
axopodia supported by stiff axial rods of organic substance, which 
originate deep witliin the central capsule and pass tlirough the 
calymma along the axis of the pseudopodium, but without reaching 
as far as its distal extremity. In some Acantliaria {Acanthometrida) 
arc found also peculiar modifications of the bases of certain of the 
pseudo podia in the form of groups of rod-like bodies, “ myonemes ” 
or “ myophrisks ” (Fig. 105, my.), clustered round eacli of the 
spicules of the skeleton. As their name implies, tlio myonemes are 
contractile elements which, by their contraction or expansion, alter 
the hydrostatic balance of the organism, and enable it to rise or 
sink in the water. According to Moroff and Stiasny, the myonemes 
are formed in the interior of the central capsule, and are derived 
from nuclei. 

In a certain number of Radiolaria a skeleton is absent altogether. 
The Acantliaria have a skeleton composed of a substance which 
was formerly supposed to be of organic nature, and was termed 
acanthin by Haeckel, but which consists of strontium sulphate 
according to Biitschli (310). In other Radiolaria the skeleton, 
when present, is siliceous. In Acantliaria the skeleton invades the 
iiitracapsular region, and consists typically of a system of twenty 
spines or spicules radiating from the centre of the body (Fig. 105). 
It is a simple and enticing view to regard such a skeleton as origin- 
ating phylogenetically from a modification of the axis of pscudo- 
podia. Union of outgrowths from radially-directed spicules gives 
rise to a lattice-work forming a spherical perforated shell, and as 
the animal grows in size several such concentric spheres may be 
formed, one within the other, supported by radial bars which 
represent the original radiating spicules (Fig. 107). In Radiolaria 
other than Acantliaria the skeleton is usually entirely extraeapsular, 
and exhibits a variety of form and structure which cannot be dis- 
cussed further here. In some of the Tripylara foreign bodies are 
utilized for building up the skeleton, either to form the basis 
of spines secreted by the animal or to construct a coat of armour 
on the exterior of the body (Borgert). 

Life-History, — Reproduction of the Radiolaria is effected in 
some instances by binary fission — ^namely, in those forms in which 
a skeleton is lacking or consists of loose spicules. The nucleus 
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divides by a mitosis remarkable for the vast number of chromo- 
somes, of which there may be over a thousand, and the apparent 
absence of a centrosome. Tlic more usual method of reproduction, 
however, is formation of flagellated swarm-spores by a process of , 
rapid multiple fission within the central capsule. Two kinds of 
swarm-spores are produced, which arc known respectively as 
“ isospores ” and “ anisospores.” The isospores (Fig. 108, A), which 
are probably agametes, are all similar in size and appearance, and 
frequently contain a crystal in their protoplasm, and are hence 
sometimes termed “ crystal-spores.” The anisospores (Fig. 108, 



Fio. 107 . — Adinomma asteracanthion : scmi-diagmmmatic to show the mode of 
growth of the skeleton. SA, 8A, 8A, Three concentric lattice-work shells, 
connected by sp., radial bars which are prolonged beyond the outermost shell 
as spikes ; N., nucleus ; c.c., central capsule ; ps., pscudopodia. After Biitsohli, 
licuckart and Nitsche’s “ Zoologischc Wandtafeln.” 

B, C), probably gametes, are of two kinds, smaller microspores and 
larger macrospores ; they differ in structure from the isospores, and 
lack the characteristic crystal. The swarm-spores vary in struc- 
ture in different species, but usually have two flagella. Isospores 
and anisospores are formed in different individuals, but it is still a 
moot point whether an alternation of generations occurs. Micro- 
spores and macrospores may be formed in the same individual in 
some species ; in others they are produced by different individuals. 
Previous to formation of the swarm-spores the extracapsular region 
of the body disintegrates, and the central capsule with its contents 
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sinks to a considerable depth. The swarm-spores are liberated by 
the breaking-up of the central capsule. The subsequent develop- 
ment of the swarm-spores when set free has not been made out. 

* While the main features of the reproductive process are as stated above, 
the cytological details of the formation of the swarm-spores is still a matter 
of dispute. The subject is dealt with in the recent memoirs of Moroff on the 
one part, and Hartmann and Hammer, Hartmann (00), and Huth, on the 
other. The formation of the anisospores is generally regarded as a breaking- 
up of the primary nucleus into chromidia, from a part of which the si^condary 
nuclei arise, which become those of the swarm-spores (compare Foraminift^ra). 
But according to Hartmann and his adherents, the huge primary nuclei seen 
in many Radiolaria arc polyenergid nuclei or polykarya (p. 121) containing 
a vast number of nuclear cnergids or monokarya, consisting each of chromatin, 
in the form of a twisted thread or so-called “ chromosome,” and a centriole. 
In the gamede -formation a great number of such monokarya are set free 
from the primary nucleus to become the gamctc-nuclei ; hence tin? so-called 
“ generative chromidia” set free from the nucleus are interpreted as secondary 
nuclei or monokarya already formed within the primary nucleus. A similar 
interpretation is given to the mitosis seen in the process of binary tission ; 
the huge mitotic figure, composed of more than a thousand cliromosomes, 
is interpreted as being in reality made up of as many mitotic figures as there 
are chromosomes, since each so-callcd ” chromosome ” is regarded as a single 



Fia, 108. — Swarm-spores of Cdlozoum inerme. A, Crystal- bearing swarm-spores, 
agametes ; B, C, swarm-spores without crystals, gametes ; B, microspores 
(microgametes) ; G, macrospores (macrogametes). After Hertwig. 

nuclear energid or monokaryon with its own centriole, the whole number of 
energids dividing independently but synchronously to form the supposed 
mitotic figure. 

According to Moroff and Stiasny, in Acanthometra pdlucida a process of 
multiplication is proceeding continually within the central capsule, until it 
is entirely filled up with cells, from which the swarm-sporcs arise. In this 
multiplication, termed by the authors ‘‘ schizogony,” trophic nuclei (“ macro- 
nuclei”) and generative nuclei (“ micronuclci ”) arc formed. The trophic 
nuclei are the “ yellow cells,” which ultimately degenerate. Hence the Acan- 
tharia are considered not to be single individuals, but colonies of animals which 
have the extracapsular protoplasm, pseudopodia and skeleton in common. 

Finally, attention must be drawn to the peculiar organisms found in certain 
Radiolaria, and regarded by some authorities as parasitic Flagellata (Silico- 
fiagellata, Borgert), by others as developmental stages, of the Radiolaria 
themselves. See Delago and H^rouard (6, p. 37 1 ). 

The Radiolaria are classified as follows : 

Suborder I. ; Peripylaria sbu Spumellaria.— Central capsule spherical, 
perforated by evenly-distributed pores. Extracapsular region well developed. 
Skeleton wanting or consisting of scattered spicules or of lattice-work shells, 
developed in the extracapsular region, siliceous. 

Legion 1 : CoWodorm.— Skeleton wanting or simple in structure ; monozoic 
forms. Five families. Examples : Thalassicolla (Fig. 13), Thalassophym. 

Legion 2: Sphcerellaria.— Skeleton complex, usually with lattice-work 
«hell ; monozoic, generally small. Four fainilies. 
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Legion 3 : Sphmrozoa seu Polycyttaria . — Colonial forms consisting of 
numerous individuals embedded in a common jelly ; their central capsules 
are distinct, but their extracapsular regions anastomose. The colonies reach 
a length of several centimetres. Two families. Example : Collozoum. 

Suborder II. ; Acantharia.— Skeleton composed of strontium sulphate, ^ 
typically in the form of spicules radiating from the centre of the body, within 
the central capsule ; in addition lattice-work shells may bo developed. Central 
capsule with pores evenly dovclopt^d, or grouped in areas. 

A number of families are recognized, grouj^ed in different ways by different 
authorities. Example : Acanthometra (Eig. 105). 



Pjq 109 , Eucyrtidium ermioides, Hacokel ; entire animal as seen in the living 

condition. The central capsule is hidden by the beehive- shaixjd siliceous 
shell within which it is lodged. From Gamble, magnified 150. 

Suborder III. : Monopylaria seu Nassbllaria.— Central capsule monaxon 
in form with the pores aggregated at one pole into a pore- plate, and the 
walls of the pores thickened to form a conical structure directed inwards 
into the central capsule. Several families. Examples : Lithocircua (Fig. 106), 

Eucyrtidium (Fig. 109). n i ^ i 

Suborder IV. : Tripylaria seu Ph/eod aria.— Central capsule with a 
principal aperture (astropyle) and two accessory apertures (parapyle). A 
mass of pigment (phaodiura, p. 262) surrounds the principal aperture. 
Divided by Hacker into six legions and numerous families. Example: 
Avlacantha, 


BiUiogra'phy.—'Sov references see p. 483. 



CHAPTER XII 

SYSTEBIATIC REVIEW OF THE PROTOZOA : THE 
MASTIGOPHORA 

The distinctive feature of the class Mastigophora is the possession 
of one or more flagella as organs of locomotion and food-capture, 
not merely during early stages of development, but in the active 
phases of the adult organism also. In other classes, as has been 
pointed out in a previous chapter, flagella may bo present in the 
young stages, but are absent in the adult phases. In the Masti- 
gophora a flagellum is a permanent feature of the organization, 
though even in this class it may be temporarily lost, either in 
active phases, when the animal may become amooba-like, or in 
resting phases, especially in parasitic forms of intracellular habitat. 

The Mastigophora are divided into three subclasses, of which 
the first, the Flagellata, contains the more typical forms, and con- 
stitutes the nucleus, so to speak, of the class ; while the two remain- 
ing subclasses, the Dinoflagellata and Cystoflagellata, may bo 
regarded as specialized offshoots of the primitive flagellate stem. 
It is convenient, therefore, to deal with the Flagellata in a general 
manner first, and then to describe the special features of the other 
two subclasses. 

Subclass I. : Flagellata (Euflagellata). 

General Characters , — The members of this group are for the most 
part of minute size, and seldom attain to considerable dimensions ; 
forms of relatively large size, such as the species of Euglena and 
allied genera, are small as compared with the larger species of the 
Sarcodina and other classes. As a rule the Flagellata are free- 
swimming organisms ; a certain number, however, are sedentary in 
habit, attaching themselves to a firm basis, and using their flagella 
for food-capture alone. There is a great tendency to colony- 
formation in this group. In the process of multiplication by fission 
of the ordinary type, separation between the daughter-individuals 
may be incomplete, so that they remain connected together, either 
by means of a common envelope, house, or gelatinous matrix, or 
by organic, protoplasmic union, or in both ways. Repeated fission 
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of this kind leads to tlie formation of a colony, which may attain 
to dimensions relatively largo, though composed of individuals 
of minute size. The colony may be free-swimming or fixed, and 
in the latter case is frequently arborescent in form. In many cases 
the colonies of Elagellata show a differentiation of the constituent 
individuals into vegetative and generative individuals — ^tlui former 
not capable of reproduction, but purely trophic in function ; the 
latter destined to be set free, and to produce new colonies, with or 
without going through a process of syngamy. 

Bionomics . — In their modes of life the Elagellata exhibit all the 
four types described in Chapter II. (p. 13), different forms being 
holozoic, holophytic, saprophytic, or parasitic ; and one and tlie 
same form may live in different ways during different periods of its 
life-history, according to circumstances. 

The panasitic flagellates have attracted a great deal of attention of recent 
years, on account of their importance in causing disease in man and animals. 
Ectozoic parasites may occur in aquatic forms, as for example Costia, para- 
sitic on tho skin of fishes. The ontozoic forms are parasitic for the most 
part in tho digestivo tract, or in tho blood and lymph of their hosts. Parasitic 
flagellates are found in tlie intestines of practically all classes of the Metazoa, 
and especially in arthropods and vertebrates ; those parasitic in blood and 
lymph are found especially in vertebrates, and constitute an important 
group commonly termed as a whole tho Hjcmoflagellates, to which a special 
chapter will be devoted. From forms which were probably parasitic originally 
in tho blood have arisen secondarily forms parasitic in cells which in their 
intracellular phase lose their flagellum entirely {Leishmania). 

Many of tno intestinal flagellates, especially in vertebrates, are probably 
not true parasites at all, but for tho most part scavengers. In any case their 
pathogenic role appears to bo very limited ; but in some cases a pathological 
condition of tho host may bo combined in a suspicious manner with great 
numbers of the parasites (compare Bolmo and Prowazok, Noc). It is worthy 
of note that in some cases an intestinal parasite may pass from tho intestine 
into the blood or lymph under pathological conditions of tho host. This 
condition seems to have been noticed first by Danilewsky, who described 
cases of frogs and tortoises which had been kept long in captivity and were 
in bad condition, thin, and with oedematoua swellings in tho muscles and 
transudation of lymph into the peritoneal cavity; in such animals there 
were found in the blood and lymph, especially in the oedemata and trans- 
udations, abundant flagellates of the genus Uexamittis { ^Octomitus, Fig. 116), 
of a species which in normal, healthy animals is found only in the intestine. 
A number of similar cases have been recorded by Plimmcr (383, and Presi- 
dential Address to tho Royal Microscopical Society, 1912), who found both 
OcUmitus and Trichomonas in tho blood of various batrachia and reptiles. 
The conditions under which those intestinal parasites pass into tho blood 
appears to be strictly comparable to those under which the Leydema-form 
of Chlamydophrys passes into tho ascitic fluid (p. 237). Whether in such 
oases the migration of the parasite is the cause of tho diseased state of tho 
host, or whether, as seems more likely, tho abnormal condition of tho host 
gives tho parasite an opportunity of spreading into fresh pastures, must 
remain for tho present an open question ; but, according to Plimmer, tho 
presence of intestinal flagellates in tho blood-circulation is associated with 
definite and recognizable lesions of tho intestinal wall. In any case, tho 
fact that intestinal flagellates can pass into the blood is a point which is 
probably of phylogenetic as well as of practical importance (p. 322). 
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Structure. — The body-form is of three principal types : (1) An 
envelope or tough cortex may be entirely absent, and tlie body is 
then amoeboid, as in the Rhizomastigina (Pigs. 38, 40) ; (2) a thin 
cuticle may be present, insufficiently rigid to inhibit clianges of 
body-form due to contractility of the living substance (Pig. 15) ; 
(3) a thicker cuticle necessitates a constant body-form, which is 
cither rigid and unalterable or sinuous and permitting movements 
of flexion and torsion. In the second typo are comprised forms 
termed commonly “ metabolic,” on account of the clianges of form 
they exhibit ; contractions of the superficial layer of the body pass, 
as it were, in waves from the anterior to the posterior end of the 
body, in a manner similar to the peristaltic contractions of the 
intestine, producing rhythmic form-changes in the body. 

In species in which the cuticle is thin or absent, a constant body- 
form may nevertheless be maintained by internal form-giving 
organs, such as the axostyle of TricJiomonas (Pig. 5), Lophomonas 
(Pig, 45), etc. True internal skeletons, however, do not occur. An 
external shell or house may bo present, enclosing the whole body. 

The protoplasmic body shows, in the amoeboid forms sucli as 
the Rhizomastigina (p. 268), distinct ectoplasm and endoplasm. 
But as a general rule the thin ectoplasm is converted into a firm 
cuticle, or periplast, enclosing the body and containing contractile 
elements — myonemes. Hence the ectoplasm appears at first sight 
to be absent, and the protoplasmic body to consist of endoplasm 
alone. In larger forms the myonemes ean be made visible by 
suitable treatment (Fig. 28), but as a general rule in such minute 
organisms the existence of myonemes or other contractile mechan- 
isms can only be inferred from the movements of contractility or 
flexibility which the body exhibits. 

The flagella may perform various functions in different cases ; 
they may servo as organs of locomotion and of food-capture, as 
organs of temporary attachment, and as tactile organs. As stated 
above (p. 52), they may be distinguished by their relation to the 
progression of the organism, as tractella, anterior, and pulsella, 
posterior in movement. The flagella vary in number and in arrange- 
ment in different species, and for the different types of the flagellar 
apparatus a number of technical terms are in use : monomastiyote, 
with a single flagellum (Pig. 38) ; isomastigote, with two or four 
flagella of equal length (Fig. 43) ; paramastigote, with one long 
principal flagellum and a short accessory flagellum (Fig. 15) ; 
heteromastigote, with one or more anterior flagella directed forwards, 
and a “ trailing flagellum ” directed backwards (Figs. 5, 25) ; 
polymastigote, with a tuft of flagella (Fig. 45) ; and holomastigote, 
with numerous flagella scattered evenly over the body (Fig. 113). 
Of these various types of arrangement, the heteromastigote con- 
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dition, with a backwardly-directed trailing flagellum (“ Sclilepp- 
geissel”), deserves special attention, since by attachment of the 
trailing flagellum to the body an undulating membrane (p. 56) 
may arise ; and that it has actually so arisen in some cases is ^ 
indicated by the existence of pairs of similar forms, in which a 



trailing flagellum, free from the body, in the one form is represented 
by the marginal flagellum of an undulating membrane in the 
other — as, for example, Trichomastix and Trichomonas (Fig. 6), 
Prowazekia (Fig. 141), and Trypanoplasma (Fig. 36). 

In one group of flagellates — hence known as the Choanoflagellata 
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or Craspedomonads (Fig. 110)— a peculiar structure occurs, known 
as the “ collar,” a delicate protoplasmic tube or funnel whicli 
arises along a circular base-line of whicli the insertion of the flagellum 
• is the centre, and so forms a cup, sleeve, or collar-like structure 
surrounding the flagellum for alxjut a third or a lialf of its length. 
It is stated, both for Clioanoflagellates and for tlie very similar 
collar-cells of sponges, that the collar is a membrane folded in a 
spiral manner, its insertion running along the body and round the 
base of the flagellum ; but the spiral structure is not easy to make 
out. The Clioanoflagellates are sedentary forms which, if set free 
temporarily from their attachment, swim with the flagellum 
directed backwards, doubtless the mechanical result of the presence 
of the collar. The function of the collar is probably connected 
with the capture and absorption of food-particles wafted towards 
the body by the flagellum. The collar is retractile, but is not capable 
of active movements such as are seen in an undulating membrane. 

The organs of nutrition must be considered in connection with 
the four modes of life already mentioned. 

(a) In holozoic forms the organism captures and ingests other 
organisms of various kinds. In some forms the ingestion of food- 
particles may take place at any point on the body-surface ; examples 
of this are the amoeboid forms, such as Masiiijamaiba, Avhich capture 
their food by means of their pseudopodia, like an amoiba ; the holo- 
mastigoto genus Mnlticilia (Fig. 113) ; the parasitic Lophomonas 
(Fig. 45), and possibly others. But in most cases food-particles 
are ingested at the base of the flagellum, the spot towards which 
they are propelled by the activity of the flagellum itself. There 
may, however, be no special aperture for food-ingestion, particles 
which impinge upon the soft protoplasmic body being simply 
absorbed directly with formation of a food-vacuole. With a more 
advanced type of organization, a special aperture or cytostome for 
the ingestion of food-particles is found at the base of the flagellum. 
The cytostome may be a simple aperture leading through the cuticle 
directly, or by means of a funnel-shaped depression, into the proto- 
plasmic body, or it may, in more highly organized forms, lead into 
a special tube, termed an “ oesophagus ” or “ cytopharynx,” which 
receives the evacuations of the contractile vacuoles, and serves for 
excretion as well as ingestion (Fig. 84). In any case the oesophagus 
ends blindly in the fluid endoplasm. There is no special anal aper- 
ture for expulsion of faecal material, which is expelled at any point 
of the body-surface in primitive forms, or through the oesophagus 
and cytostome in those more highly organized. 

{h) In holophytic forms the organs of nutrition are those of the 
plant-cell (p. 188) — namely, chromatophores, or corpuscles contain- 
ing chlorophyll or allied pigments ; pyrenoids, small glistening bodies 
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embedded in the ehromatophores, the centres of the formation of 
amyloid substances; and grains of amyloid nature formed by tlie 
constructive metabolism of the organism. It is also common to 
find in the holophytic flagellates a peculiar red spot, or stifjma, • 
placed near the anterior end of the body, and probably sensitive 
to light (p. 205). 

In general, two types of holophytic flagellates can be recognized : 
first, forms in which, in addition to the organs already mentioned, 
those pertaining to the holozoic mode of nutrition are also present ; 
secondly, those possessing only the holophytic apparatus. The 
first type may be regarded as more primitive forms in which the 
holophytic habit of life has not become so engrained as to exclude 
any other mode of nutrition ; but a changes is still possible;, and the 
organism can combine or vary the holophytic with the holozoic 
or saprophytic method. In the second typo the organism has be- 
come plant-like;, to the; complete exclusion of other methods of 
nutrition ; tlic body is generally enclosed completely in a firm cellu- 
lose envelope, allowing diffusion of liquids and gases, but without 
apertures through which foreign bodies can pass into the interior. 
Such forms, if they lose their flagellum in the adult state, are classed 
as unicellular Algaj, and the young flagellated individuals are termed 
“ zoospores.” The transition from holophytic flagellates to plants 
is a gradual one, and the border-line is simply fixed by the characters 
of the “ adult,” and is therefore as arbitrary as that between Sar- 
codina and Mastigophora discussed in a previous chapt(;r. 

(c) In saprophytic and parasitic forms no special organs of nutri- 
tion are present, since the food is absorbed in a fluid condition from 
tin; surrounding medium. 

Contractile vacuoles are commonly present in those flagellates 
which inhabit fresh water. In the more primitive forms the 
vacuoles empty themselves direct to the exterior. In more highly 
organized types the vacuoles open into the oesophagus. In 
Euglena the two contractile vacuoles open into a reservoir- vacuole, 
which, according to Wager (213), is in open communication with 
the oesophagus (Fig. 84). 

The nuclear apparatus consists, as a rule, of a single nucleus of 
vesicular type, with a distinct karyosomc. Chromidia arc generally 
absent, but are found in a few cases (Rhizomastigina). 

The relations of the nuclear apparatus and the flagella have boon discussed 
above, and are briefly as folloAVS : 

1. There is a single nucleus with a single centriole, which functions at the 
same time as centrosome and blepharoplast. Then either (a) the centriole 
is within, or connected intimately with, the nucleus, in which case the fla- 
gellum appears to arise directly from the nucleus, as in Mastigina (Fig. 38) ; or 
(6) the centriole, and the flagellum it gives off, are quite independent of the 
nucleus, as in Mastigdla (Fig. 40). 
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2. There is a single nucleus with its controsoino, iiiul in addition one or 
more blopharoplasts in relation to tho flagellar apparatus. Then {a) at 
division the old blepharoplasts and flagella are lost, and new blopharoplasts 
arise during or after nuclear division from tho centrosomes ; or [b) the blepharo- 

, plasts and flagella persist, and tho former divide inde[X3ndontly to form 
daughter- blopharoplasts from which new flagella arise (Fig. 43). 

3. In a certain number of Flagellata, groinx^d provisionally as lf:omo- 
flagollatcs or Binucleata (see next chapter), two nuclei, each probably possess- 
ing its own controsoino, are present : a principal or trophic nucleus and an 
accessory or kinetic nucleus. 

In Ty {)0 2 the blepharoplast attains to a greater or less degree of indepen- 
dence of the centrosomc, and divides independently of it for many generations 
of ordinary vegotativo reproduction by ILssion. J3ut there are probably in 
all cases periods in the life-cycle when the entire nuclear apparatus is reduced 
to a single nucleus and centriole, from which tho condition in tho adult, 
whatever it may bo, arises. For the so-called fourth typo of Hartmann and 
Chagas (62), see below (p. 273). 

heproduction and Life-Cycle . — The coninionest method of repro- 
duction is simple or binary fission in the free state. The products 
of the fission are of equal size, and the division of tho body is in- 
variably longitudinal (Senn, 358) — that is to say, along an axis 
continuing the direction of the principal flagellum or flagella. In 
addition to this, the typical method of reproduction, other typos of 
division occur. Multiple fission in tho free active condition is 
known in some parasitic forms, such as Trypanosoma lewisi and 
Lophomoruis hlattarum (.lanicki, 70). On tho other hand, fission 
may sometinK'.s take place in a nesting, non-flagellated condition, or 
within a cyst ; in the first (sase it is frequently, in the second 
pel haps always, of a multiple type. 

Tlie occurrence of syngamy in the life-cycle is a point which 
has been disputed, probably owing to the fact that in forms of 
simple structure it takes place only at long intervals in the life- 
cycle, or under special conditions. Moreover, tho longitudinal 
division prevalent in this group makes it practically very difficult 
to decide, except by continuous observation, whether two conjoined 
flagellates are individuals about to fuse in syngamy or to separate 
after fission. In the colonial Phytomonadina, where highly-differ- 
entiated gametes are found, the occurrence of syngamy has long 
been known, but tho existence of sexual processes in other flagel- 
lates has been doubted by high authorities. In recent years, how- 
ever, it has been observed in a number of forms, and there can bo 
no doubt of the existence of sexual processes in flagellates generally. 
A summary of recent observations, with full references, is given by 
Dobell (335, pp. 109-111). The available data are as yet insufficient 
to make it possible to give a connected account of syngamic pro- 
cesses in Flagellata generally, and only a few typical cases can bo 
dealt with hero. 

A simple type of syngamy has boon described in Copromonas 
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suhiilis (Fig. Ill) by Dobell (335). In this species the two gametes 
appear perfectly similar to each other, and are not, in fact, distin- 
guishable in any way from ordinary individuals of the species. Two 
such individuals come together and unite by their anterior or flagellar , 

extremities. In one 



Fia. 111. — Lifo-oyclc of Copromonas suhtUis. A, 
Ordinary adult form ; li, G, D, “ vegetative ” 
reproduction by binaiy fission ; E — stages of 
reduction and syngamy : F, 0, II, reduction ; 
I, J, fusion of the two pronuclci ; the z.ygoto 
(i) may develop into an ordinary free-swimming 
individual, or \j) may retract its flagellum and 
become encysted ; K, cyst ; L, liberation of an 
adult form from the cyst. After Dobell (335). 


gamete the flagellum is 
lost, and the couple swims 
about by means of the re- 
maining one ; this is the 
only difference between 
tlie two gametes which 
could be interpreted as 
one of sex. While fusion 
of the bodies is still 
incomplete, the nucleus 
of each gamete divides 
by a simple type of 
proraitosis (p. 109). One 
of each pair of sister- 
nuclei thus produced is 
a reduction - nucleus, 
wliich degenerates ; the 
otlier persists. The per- 
sistent nucleus of each 
gamete then divides a 
second time, but into 
two very unequal halves; 
the smaller nucleus in 
each case degenerates as 
a reduction -nucleus, 
while the larger persists 
as the pronucleus. The 
bodies of the gametes are 
now completely fused, 
and the fusion of the 
pronuclei follows. The 
zygote may become en- 
cysted at once, or may 
continue to live a free 
life. In the first case 
the fusion of the pro- 


nuclei takes place within the cyst, from wliich it is ultimately sot 


free as an ordinary individual which feeds and multiplies vegeta- 


tively. In the second case the zygote becomes an ordinary free 


individual at once, the interlude of encystment being omitted. 
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Tlie syiigamy of Gopromonas is thus scon to bo a oasi^ of perfect 
isogamy, and is probably to bo regarded as reprosonting a very 
primitive type, whence the more complex sexual processes of other 
Flagellata have been evolved — (1) by greater specialization and 
differentiation of the gametes in their relation to otlier pliases of 
the life-cycle (gamete-formation) and to one another (sexual dilfc^r- 
entiation) ; (2) by correlation of the sexual phases with definite 
crises, to which they become restricted, in tlie general life-cycle. 

In tlio Rliizoinastigina sexual processes occur of a typo resiunbling those 
found in the Sarcodina to such an extent as to indicate that the affinities of 
this group is rather closer to some of tlie primitive Rhizopods than to tyj)ical 
Flagellata. The lifo-cyclo (Pig. 112) has been worked out in full detail in 
Masligdla vitrai by Goldsclimidt (41). Vegetative reproduction in the free 
state is by binary fission of the ordinary typo, and occurs when fooil is abun- 
dant ; a falling-otf in the supply of nutriment loads to gamete-formation and 
syngamy. In the earliest stages of the sexual generation a dilTerentiation 
of the individuals into macrogamotocytes and microgamotocytes is to be 
observed, though externally they are similar to ordinary individuals and 
continue their vegetative life during the early stagers of gamete-formation. 
In the macrogarnetocyto, first a quantity of nucleolar substance, and then of 
chromatin, is sot free from the nucleus ; these two substances unite to form 
a chromidial mass from which a number of secondary nuclei are formed. 
The secondary nuclei become scattered through the cytoplasm, and each 
becomes surrounded by a protoplasmic body. 4’he small cell thus fornusd 
is a macrogamete, which goes through reducing divisions. still active 
maerogametocyte, which has its cytoplasm crammed with the small gametes, 
now becomes encysted. Within the cyst the gametes acquire flagella and 
become motile. At this stage the original nucleus of the gametocyto breaks 
up and disappears rather suddenly. Finally the cyst-wall is ruptured and the 
flagellated gametes escape. 

The formation of tho microgametes takes jdace in a manner essentially 
similar to that already described for tho macrogam(d('s, but with a few 
differences in detail. Tho mierogametocytes become encysted at the very 
beginning of tho process ; then formation of chromidia begins, and as soori 
as it is completed tho primary nucleus degenerates ; the microgametes have 
no flagella, and are shot out of tho cyst when it bursts. 

Tho free macrogametes measure on tho average about 3'0 p diameter, 
and have a flagellum 15 to 18 /x in length ; tho microgametes are 2’8 /x in 
diameter, and have no flagellum. A macrogamete seeks out a microgameto 
and fuses with it, cytoplasm and nucleus. Tho zygote retains tho flagellum 
of tho macrogamete, and becomes a small, monad-like individual which 
multiplies by fission as such. After several generations tho monads cease 
to multiply, and each grows up into an adult Masligdla. A devehqjnumt 
similar in tho main is described by Goldschmidt for Mastigina, but some of 
the phases escaped his observation. 

Comparing the sexual cycle of Mastigella (Fig. 112) with that of 
Gopromonas (Fig. Ill), the chief difference is seen to be that in 
the former an ordinary individual does not become a gamete directly 
but a gametocyte, which by a process of multiple fission gives rise 
to a generation of minute swarm-spores, the gametes. In the two 
sexes a slight differentiation of the gametes is seen. Further, in tho 
life-cycle of Mastigella considered as a whole, there are two forms 
of individuals, each capable of multiplying vegetatively for many 
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generations — namely, the monad form, product of syngamy, and 
the adult, mastiganneba-form, which ultimately produces the 
monad-like gametes. Hence the life-cycle in such a typo is an 
alternation of generations (metagenesis), which, as in so many other * 



Fig 112.— Life-cycle of Mastigdla vitrea, diagrammatic. 1, 2, and 3, Different 
forms assumed by the adult “ vegetative type of individual ; 3a, 3&, repro- 
duction by binary fission; 4—10, gamete - formation ; a (in each case), 
microgamete-forraation, &, maorogamctc-formation ; in the former the gamont 
becomes encysted, and the principal nucleus degenerates early in the process ; 
in the latter the gamont remains motile and the principal nucleus persists 
to the last : 4 — 6, extrusion of chromidia from the nucleus and formation 
of secondary nuclei ; 7, 8, formation of the gametes round the secondary 
nuclei ; 9, extnision of the gametes ; 10a, the small, noii-flagcllated 
gametes; 106, the larger, flagellated macrogametes ; 11, copulation oj tho 
gametes; 12, 12a, 126, multiplication by binary fission of the monad-like 
zygote ; 13, 14, growth of the monad-form, after a period of multiplication, 
into the adult mastigamoeba-form. After Goldschmidt (41). 

cases in the animal kingdom, appears to have come about by mul- 
tiplicative processes taking place in a larval type, phylogenetically 
oldei^namely, the monad form, the only form of individual that 
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occurs in tl.ic lifc-cyc^lo of Cofromonas. In Masthjma, on the oilier 
hand, the monad form developed from the zygote apparently does 
not multiply by fission, but develops directly into the adult form — 
# perhaps a more primitive state of affairs. 

A very instructive series is furnished by the colony-forming 
Pliytomonads of the family Volvocidm. At one end of the series 
are primitive types, such as Stephanospheera, wliere the colony is 
composed of eight monad individuals, all alike, which may bo 
agamonts in om; colony or gamonts in another. Each agamont 
multiplies by fission to form eight small cells, which remain con- 
nee.ted together and grow into full-sized monads, thus giving rise 
direidly to new colonies. In the gamont-colonies each ganiont 
(ganieto(;ytc) gives rise by multiple fission to a large numbtu- of 
minute biflagellate swarm-spores, the gametes, which arc set free and 
copulate. 'Idle syngamy is perfectly isogamoiis. Tlie zygote grows in 
siz(\ and finally multiplies to form the eight monads of a new colony. 

At tlu; other end of the scries arc tlic species of the genus Volvox, 
in which the colony is composed of a great number of individuals, 
which may be of three kinds, not necessarily all present in the same 
colony: (1) The ordinary “somatic” monads, locomotor and 
trophic in function, which do not reproduce themselves in any way ; 
(2) agamonts, so-called “ parthenogonidia,” which multiply by 
fission to form daughter-colonies ; (3) gamonts or gametoeytes, 
whicli are sexually differentiated as “ micTogonidia ” and “ macro- 
gonidia.” Tlie microgonidia produce by multiple fission a swarm of 
small biflagellate microgametes, comparable to tlie gaimdes of 
^iephanosplmra. In tlic macrogonidia, on the other hand, multi- 
plicative processes are in abeyance, and each becomes a single, ovum- 
like raacrogamete, which is fertilized by the relatively minute 
microgamete. Thus, the S 3 mgamy in Volvox is anisogamous to 
the highest degree ; and, as in other cases among Protozoa, this 
condition appears to have arisen from a primitive isogamy in whicli, 
in both sexes, the gametoeytes sporulated to produee a swarm of 
minute gametes, by the process of sporulation becoming altogether 
suppressed in one sex — namely, the female — while retained in its 
primitive form in the other. The colonics of Volvox, with their 
differentiation of individuals, exhibit a condition transitional to 
that of the Metazoa. The trophic, non-reproductive individuals, 
taken as a whole, may be compared to the Metazoan soma, the repro- 
ductive individuals to the germen. In Pleodorina calijornica dis- 
tinct male, female, or parthenogcnctic colonics occur (Chatton), as 
is the case in some species of Volvox. 

Classification . — The Fiagellata arc classified in different ways by different 
authors, and in the present state of our knowledge of the group no system 
can bo regarded as in any way final. As in other groups of Protozoa, there 



268 


THE PROTOZOA 


aro a curtain number of woll-defiiicd orders and families cJiaracterizcd by 
tho possession in common of certain features of organization which huivo 
no doubt as to their taxonomic homogeneity. On tho other liand, there are 
a largo number of primitive forms whoso characteristics aro mainly of a 
negative order, and of which tho affinities arc in consequence vague and 
uncertain, the systematic position debatable. There is, moreover, frequently 
an element of uncertainty, in the case of many forms, as to whether they 
represent truly specific adult forms, or merely developmental stages of some 
other species of the Flagcllata or Sarcodina. Finally there arc a certain 
number of sjiecios and genera concerning which it is still debated whether 
they should be assigned to tho Mastigophora or some other class of Protozoa. 

Hartmann and Chagas (62) have projK>sed to utilize tho relations of tho 
flagellar to the Jiuclcar apparatus for systematic classification of tho Flagcllata, 
as suggested also by Prowazek (354). But, apart from tho fact that these 
relations have as yet been investigated in very few flagollates, and that in 
such minute objects tho details arc very difficult to make out and liable to 
be a subject of dispute, it may bo doubted whether these points of structure 
are sufficiently constant to be of classificatory value in this subclass, since 
they appear to vary considerably in allied forms. Thus in Copromonas 
suhtilis, according to Dobell (335), tho blepharoplast persists through division- 
j)hasos, and divides independently of the nucleus ; but in major, according 
to Berliner, the old blepharoplast and flagellum are lost at each division, 
and a new blepharoplast, from which the now flagellum grows out, is formed 
by division of the nuclear ccntriole in each daughter-individual. Again, tho 
third type of flagellar insertion (p. 263) is found in tlie Trypanosomidee, allied 
to tho CercomonadidcB, and in the trypanoplasms, which belong to the family 
Bodonidee, as shown in tho next chapter. Classification by these characters 
is, thoreforc!, at least premature, if not fallacious. Compare also Senn (358). 

The classification adopted here is in the main that of Doflcin (7), with 
certain modifications. For convenience a number of forms are put together 
in tho Pantastomina, without, however, claiming that this order is anything 
more than a cataloguer’s makeshift for disposing of a number of forms of 
dubious position and uncertain affinities. 

Order I. : Pantastomina. — Holozoic, witli no definite mouth-opening ; 
food-particles ingested at any point on the surface of tho body. 

Suborder 1 ; Rhizomastigina. — Body amoeboid ; food captured and ingested 
by means of psoudopodia. 

Several genera, only known as yet from fresh water, arc referred to this 
very interesting group ; such aro MasHgamo^a, F. E. Schulze, Mastigina, 
Frenzel (Fig. 38), and MastigeUa, Frenzel (Fig. 40), distinguished from one 
another by the nature of their amoeboid movement and the characters of their 
psoudopodia. In appearance tho species resemble amoebae which possess a 
long and well-developed flagellum, or in Dimastigamoeha two, in Trimastig- 
amosba (Whitmore, 280) three flagella. Locomotion and food-capture aro 
carried on for the most part as in an amoeba, and tho flagellum appears to 
function chiefly as a tactile organ in tho adult mastigamoeba-phase ; in tho 
young monad- phase, on tho other hand, tho flagellum is the sole organ of 
locomotion and food-capture, as in an ordinary flagellate. Tho relation of 
the flagellum to tho nucleus is of Typo 1 described above (p. 263), a single 
centriole which functions both as centrosome and blepharoplast ; in Mastigina 
and Mastigamoeha the flagellum arises from tho nucleus (Typo la) ; in Masti- 
gella the origin of tho flagellum is distinct from tho nucleus (Type 16). Tho 
life-cycle of MastigeUa is described above (p. 265). In many points, especially 
in tho formation of secondary gamete-nuclei from chromidia, the develop- 
ment resembles more that of the Sarcodina than that of the Plagellata, and 
by many authorities tho affinities of tho Rhizomastigina are considered to bo 
rather with tho first of these two classes. The mastigamoebse certainly link 
the true flagellates with tho Protcomyxa and Mycotozoa ; and if tho flagellum 
were lost in the adult phase, they would be classed in the Sarcodina without 
hesitation. 
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Suborder 2: Holojnastigina. — With numerous flagella radiating from a 
sphorieal or approximately spherical body. 

This suborder contains the single genus MuUicilia, Cienkowski, to which 
several species, some fresh-water, some marine, have been referred. The 
number of flagella varies in ditferent species, and their precise relation 
T ^^PP'^ratus remains to be made out. M. lacustris, Lauterborn 

lid, ^ , is multinuclcate ; M. paliistris, P6nard(Fig. 113, B), has a single 
nucleus. The body is not covered by a cuticle, and may throw out psoudo- 
poclia, or even become aimcboid (Lauterborn). Nothing is known of the 
litc-cyele but in M. lacusiris Lauterborn observed reproduction by simple 
tission iflasmotomy ?). In the present state of our knowledge adequate data 
are lacking for discussion of the aflinities of this genus. Doflein (7) regards 
it as a form lying at the root of tlie Infusorian stem, and derives 1110*01081 
primitive Ciliata from a form similar to Multicilia, in which the numerous 
llagclla become specialized in structure and movement to give rise to an oven 
coat of cilia ; Poimrd (302), on the other hand, considers Multicilia alliiui to 
further study genus is one which would repay 

Order II. : Protomonadina. — Flagellates for the most part of small or 
minute size ; with a single flagellum ; or with a principal and one or two acces- 
sory flagella; or with two flagella, one directed anteriorly, the other pos- 
teriorly as a trailing flagellum. Nutrition holozoic, saprophytic, or parasitic ; 
m the first case the food-particles aro ingested at the base of the flagellum, 
where a definite mouth-opening may bo present or absent, but without a 
distinct oesophagus in any case. The contractile vacuole is generally single, 
if present, and empties itself direct to the exterior. 

i comprises a vast assemblage of genera and species, subdivided 

by iJotlimi into eight families, one of which, the Trgpanosornidce, including 
the important parasitic genus Trypanosoma, is discussed in detail in the next 
chapter. Ihe cuticle is generally thin, and the body is often capable of 
amoeboid or metabolic movements ; if amoeboid, however, the flagellum is 
the organ of locornoUon, so long as it is present, and not the pscudoiiodia. 
Ihe relations of the flagellum to the nuclear apparatus aro, in general, of the 
second type (p. 263), according to Hartmann and Chagas (62)— that is to say, 
with distinct controsome and blepharoplast ; but it is extremely probable 
that in the simpler forms Typo 1 occurs also (compare Aloxeieff, 327), and in 
the IrypanosomidcB the distinctive feature is the possession of Typo 3 with 
trophonuc eus and kinetonuclous, as also in some of the Bodonidee (Proim- 
zekia). The life-cyclo of the free-living forms is probably in general of a 
simple tyix), similar to that described above in Copromonas (Fig. Ill) ; but 
ob^rvations on the sexual processes aro at present very scanty. 

For a detailed description of the forms included in this order the reader 
must be rmerred to the larger treatises, especially Biitschli (2) and Sonn (320) ; 
It must suffico here to mention some of the more typical forms. Cercomonas 
typo of the family CercomonadidcB (Fig. 114), hasasingle flagellum ; the hinder 
end is froyiently drawn out into a long tail-like process, and is capable of 
ch^go ol form, ^comonas (Oikomonas) differs in having the body rounded. 

Monas, type of the family Monadidos, has a principal flagellum and one 
or two accessory flagella. Cladomonas and Spongomonas (Figs. 41, 42) form 
arborescent colonies ; the constituent monads have two flagella of equal 
size, both directed forwards. Alexeieff (327) considers that the Monadidm 
sh^ld be placed m the suborder Chrysomonadina (see below). 

Bodo {¥ig 116), type of the family Bodonidee, has two flagella, one directed 
forwards, the other backwards as a trailing flagellum ; the species of this 
genus are free-swimming and do not form colonies ; they occur both free- 
R most part in the digestive tracts of various animals, 

lac^Ux, from the cloaca of Lacerta spp., has been studied by Prowazek 
(^104) who has described a process of autogamy, but doubt has been cast upon 
ms observations by Dobell (336). Note also the occurrence of Boio-like 
forms in the development of Gryptodifjlugia (p. 230, supra). The flagellate 
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recently described by Wenyoii (361) from a culture of human faeces, and 
referred by him to the genus Cercomonas, would apjxiar rather to bc'long to 
the genus Bodo. To the family Bodonidee must be referred also 1 lie genera 


Proivazekia and TryjMnoplasma^ dealt with in greater detail in the next ehapt<‘r. 
Hekomastix, Senn (358), is to 
be referred to tlic Bodonidos or \ 

made the typo of a distinct \ J 

family; its two flagella of ) P . — — < 

unequal length are both / ( 

directed backwards in move- ( f \ 

Finally, mention must be \ \ j 

made of the group of flagel- J \ 

lates characterized by the pos- 
session of a collar (see p. 261, 

supra), and hence commonly i 

known as “ choanoflagol- 

lates ” or “ craspedomonads.” w****^'!^ W^*’**;^ 

They are sedentary forms, 
attached by the end of the 1/ 

body opposite to the flagellum, U j w 

and may remain single, but Ij \ 

more usually form colonies | \ 

often of considerable extent S \ 

(Fig. 110). The flagellum is I \ 

used mainly for food-capture, j ' 

in which the collar also pro- 
bably plays an important Fii. 114.— Ccrcowmna^ crassicauda, Diijardin, 
part ; but an individual may showing amcDboid changes of form. After 
become detached from its Stein. 


supjwrt, and swim freely, the 

flagellum being then directed backwards. The systematic position of the 
choanoflagcllatcs has been differently estimated by different authors ; by some 
they have been ranked as a primary subdivision of the Flagellata, which are 
then divided as a whole into Ohoanoflagellata and Lissoflagellata, the second 
of those divisions being u.sed to include all other flagellates. Since, however, 
the choanoflagcllatcs scarcely differ from ordinary monads 
except in the possession of the characteristic collar, a 
specialization of the food-capturing function related to 
a sedentary life, they are now generally ranked as a 
family of the Protomonadina, the Choamflagdlidce. 

Order III. : Polymastigina.— F lagella from three to 
eight in number, usually all more or less equal in size ; 
in other points of .structure similar to the last-mentioned 
order. Two families, which are sharply marked off from 
one another, are referred to this order. 

1. TetramitidoB, with three or more flagella, which all 
arise at the anterior end close together. The flagella 
may all bo directed forwards, or one of them may bo 
turned backwards as a trailing flagellum ; in the latter 
Fig. 115.— a. Bode case the trailing flagellum may or may not be united to 
saltans, Ehren- the body by an undulating membrane, 
berg. B, Bodo 'phe species referred to this family are for the most 
gracilis, part parasitic. Endoparasitic forms of common occur- 

After Stein. rence, especially in the digestive tracts of vertebrates, 

are Trichomastiz, with three anterior flagella and a free 
trailing flagellum, and Tricfmnorm (Pig. 5), with the same number and arrange- 
ment of the flagella, but having the trailing flagellum united to the body by an 
undulating membrane. These two forms occur frequently in the same host, 
and are perhaps to be interpreted as two developmental phases of the same 
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organism rather than as distinct generic types. Trichomonas hominis is 
cntozoic in the human intestine, T. vaginalis in the human vagina ; they 
a-PPcar to bo harmless scavengcirs rather than parasites. The cncystment 
of Trichomonas lias been the subject of some controversy. According to 
AlexeiofT (320), the supposed cysts of Trichomonas di'scribed by various 
authors are in reality indejDendent vegetable organisms, of the nature' 
of yejysts. In some species of Trichomonas the 
anterior flagella are four in number (Alexeieff, 
323); for .such forms Parisi {A.P.K., xix.* 
p. 232) has founded a subgenus Tetratricho- 
moms. The genus Macrostoma, according to 
Wenyon (362), differs from Trichomoms in 
having the undulating membrane wedged in 
a deep groove; M. mesnili occurs in the 
human intestine. According to Alexeieff (324), 
Macrostorm i.s a synonym of Tetramitus. Mono- 
cercanionas, including a number of common 
intestinal parasites, has four anterior flagella 
of equal length, or two longer, two shorter 
(Alexeieff, 325). 

Costia necatrix, also referred to this family, 
is octoparasitic on the skin of fishes. According 
to Moroff, it has four flagella in two pairs, two 
larger and two smaller, all of which siwvo for 
locomotion ; but the larger pair are used also 
for fixation, and the smaller pair for wafting 
into the mouth the food-particles, which consist 
chiefly of dead epithelial cells torn away from 
the epidermis (see also Neresheimer). 

2. Octomitidee.*— With six or eight flagella, 
arranged in pairs ; the body is bilaterally 
symmetrical in structure. Entozoic forms, for 
the most part of intestinal habitat. 

Fig. UQ.—Octomilus dujar- The remarkable bilateral symmetry of the 
dini. Anterior blop- species of this family is not merely an external 
haroplast, from which the characteristic of the body, but affects the 
first and second flagella of internal structure as well, and the entire 
that side of the body arise ; nuclear structure is doubled, with right and loft 

givinroff tho &mof “ 

Oir4ni?!!:£irand »»'«>.236),withfourpirsofflagcIla(Fig.ilO), 
nucleus ; aa;., left axostyle; ^ number of ontozoic « 

U.^, third blopharoplast, at 



ineludes a number of ontozoic species — e.g., 
0. intcstinalis, from the cloaca of the frog and 
other animals. Lamhlia intestimlis (synonym 
Megastoma entericum. Fig. 117) is a commoii 
inhabitant of the human intestine. It becomes 
encysted, and is probably disseminated in this 
forin. Within the cyst it divides into two 
(Rodenwaldt). L. sanguinis, described by 
Gonder {A.P.K., xxi., p. 209) from the blood 
of a falcon, is probably an intestinal parasite 
, „ , . , gone astray {vide p. 258). 

The order Polymastigma differs little from the Protomonadina except in 
flagellar apparatus, correlated probably with the 
entozoie habit. Hartmann and Chagas propose to merge the Polymastigina 

♦ Dqflcin terms this family the PdymastigidiB. but the name is clearly in- 
Fofywasfw belongs to the preceding family, aid is 


the extremity of axo- 
style, giving off one of the 
flagella of the fourth pair. 
All the structures indicated 
are paired, and the letters 
indicate the member of each 
pair on the left side of the 
body. After Dobell (236). 
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in tlie Protomoiiadina, and then to divide the order itiio . ] > 

first, entitled the Monozoa, would include the I’rotomonadhn 
above, with the exception of the Trypanosomidw (“ Biiiucleata ”)™nd with 
the addition of the TdramUidw. The second suborder, Piploroa ’w 1, 
c udo only the Octom.tife. This arrangement ccrtaiiilj: see ns Zro ir 'l 

Order IV. i Euglenotdina. -Larger forms, witJi moutl. -aperture and 
msophagus ; with a complex vacuole-system opening into the a'soplia<ms - 
often with Jiolophytic apparatus, chroniatophorcs, stigma etc ^ ’ 

fills order represents, .so far as structural complication of tl.o individual 
IS coiicernod, the highest typo of organization among Flagellata The bodv 
may bo metabolic, or of definite contours, with tliick cuticle. The freedivin'!^ 



I'lG. 117. Lctmhlia intesiinalis. A, Ventral view ; B, side view. N., One of f ho 
fwo nuclei ; ax., axostylcs ; /?.h p. flA. p. the four pairs of flagella ; s., sucker- 
like depressed area oti the ventral surface ; a;, bodies of uii£iown function. 
After Wenyon (277). 


forms are either holozoio or saprophytic, if colourless, or holophytic if pro- 
vided with chromatophorcs, in which case they may bo capable of nourishing 
themselves by more than one method. The flagellum may bo single, or thero 
niay bo a second flagellum, asually smaller than tho principal flagellum, 
and sometimes directed backwards as a trailing flagellum. Tho attachment 
of tho flagellum is of tho second typo (p. 263), with blepharoplast distinct 
from tho centrosomo. According to Hartmann and (Jhagas (62), in Peranema 
tnehophorum the ccntro,somo first divides to furnish a blepharoplast, and 
the latter, having become completely independent of tho nucleus, divides 
mto two, a distal blepharoplast or basal granule of tho flagellum, connected 
by a rhizoplast (centrodesmose) with tho proximal blepharoplast or anchoring 
granule. The authors consider that this should be regarded as a fourth typo 

18 
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of flagellar insertion, characteristic of this order ; but it is simplest to regard 
it merely as a secondary complication of the second type, and one which is 
not universal in this order, since in Copromonas subtilis the blopharoplast 
remains undivided, so that this s^Kicies shows a flagellar attachment strictly 
of the second type. In Euylena, according to Wager (213), the flag(illum 
passes through the oesophagus and becomes attached to the wall of the ' 
rt'.scrvoir- vacuole by a bifurcate base. On one of the branches is a distinct 
thickening in close contact with the stigma (p. 205). The thickening is prob- 
ably the blepharoplast, and the two branches represent the rhizoplast. 

Tlui sexual processes of the hhigleiioidina are but little known, and Copro- 
moms is the only genus in which the complete life -cycle has been worked out ; 
in this species it is of a simple type (p. 2(14, Fig. 111). 

The order comprises three families. The first, Euijknidce, contains forms 
provided with chromatophores, holophytic, saprophytic, and parasitic 
(Kaswell) in habit. Examples: EugUm (Fig. 4), Plmcus (Fig. 118). The 
second family, AsUisiida;, contains the genus Astasia (Fig. 15), colourless 
and saprophytic or parasitic. The third family. Per- 
anemidm, contains numerous genera without chro- 
matophores, holozoie or saprophytic. Examples : 
Peranerm, Coprornonas (Fig. 111). Tho subfamilies 
Heteronemince and Anisoneminm are heteromastigote. 
Example : Anisonema (Fig. 25). 

OkderV. : Cheomomonadina. — Small forms, with- 
out msophagus or vacuole -system, with delicato cuticle 
and one or two flagella ; their characteristic feature is 
tho possession, usually, of one or two conspicuous 
chromatophores, green, yellow, or brownish, in colour. 
The nutrition, for the most part holophytic, may 
be also holozoie or saprophytic. Divided into two 
suborders. 

Eaborder 1: Chrysomonadim.—'W'iih one or two 
flagella and one or two yellowish- brown chroma- 
tophores ; body often ameeboid or metabolic ; colony- 
formation frequent ; nutrition holozoie and holophytic. 
Fio. 118. — Phacus Three families. Exfxmplos i Chrysamwba, Chromulim, 
triqueter. as., CEso- Dinobryon, etc. According to tScherfl'cl, Chrysamceba 
phagus ; c.v., con- is the ammboid, non-llagellated phase of Chrvmulina ; 
tractile vacuole compare also Lauterborn (345’5). To this suborder 
stigma nucleus, must be referred also tho Cocculithophoridoi, marine 
After 8teiri. flagellates which s(5ercte the calcareous shells known as 

coceoliths {vide Lolimann). 

Suborder 2 : CVyp/omonodfTia.— Small forms with one or two flagella, colour- 
less, or with chromatophores ranging in colour from yellowish-brown to olive- 
green or blue-green. Holophytic or saproi^hytic, not holozoie. Examples : 
Chilomouas, colourless ; CrypUjnionas^ some sj)ccies of which are symbiotic in 
Harcodina (p. 15). Doflein refers the Silicoflagellata to this order (p. 256). 

Obdee VI. : Phytomonadina seu Phytoflaqellata.— Completely and 
exclusively holophytic, with cellulose envelope and without mouth-aperture. 

This order comprises tho most plant-like flagellates, to all intents and 
purposes unicellular algm which retain throughout life their flagellar apparatus 
and their motility. The individual is generally small, and the body is, except 
in one family, of definite form and enveloped in a rigid cellulose envelope 
which may stand off from the body, and is perforated by pores through which 
the flagella pass out to the exterior. Tho flagella are usually two in number, 
sometimes four, of equal size. Tho cytoplasm generally contains a largo 
green chromatophoro and a red stigma. Tho flagellar insertion, according 
to Hartmann and Chagas, is of the second typo, as in Protomonadina. The 
reproduction may take the form of multiple fission within tho body-envelope 
to form numerous swarm-spores, which when set free may bo gametes or 
agamotes. Colony-formation is frequent in this order (p. 267). 
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Three families are recognized. The first, roproscntcd by the genus Pyra^ 
mimoms, contains primitive forms in which the body is metabolic and tlio 
cellulose envelope is absent. The second family, CVilaniydomomdidce, com- 
prises non-colonial forms such as OAfamydowonas, Hmmatocoems, etc. Nephro- 



B 

Pia. 119 . — Oonium pectorale: colony of sixteen individuals, each with two flagella. 
A, In surface view ; B, in side view. N., Nuclei ; c.v., contractile vacuoles ; 
st., stigmata. After Stein. 

sdmis, referred by Senn (358) to this family, has two flagella, on which it 
creeps like a Bodo. The third family, Volvocidm, comprises colony-forming 
species in which the individual is similar in structure to tne Chlamydoraonads, 
and the colony is composed of individuals ranging in number from four, eight, 
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sixteen, or thirty-two, up to many thousands. Examples are Gonium 
(Fig. 119), StephanosphcBra, Volvox, etc. 

In addition to the six orders of flagellates enumerated above, there remain 
some peculiar parasitic forms, the systematic i)osition of which is extremely 
doubtful. Such are the family Lophornonadidw, represented by Lophomonas 
blattarum, a common parasite of the end-gut of the cockroach and other ' 
Orthoptera, and the Trichonymphidva, including the genus Trichonympha and 
allied forms, parasitic in the end-gut of termites of various sj[x;cios. 

Lophoinonas hlattarum, which has recently been studied by Janicki (70), 
bears a tuft of flagella arising at the anterior pole of the body from a double 
ring, or rather horseshoe, of blepharoplasts, situated at the edge of a funncl- 
shaiHjd or cup-like structure, the calyx, which is prolonged into an axostylo 
(Fig. 45). The nucleus lies within the calyx, which is surrounded in its turn 
by a peculiar thickening or support, termed tho “collar,” consisting of free, 
radially-disposed rods crowded together to form an aureole -like figure, api)roxi- 
matcly spherical. The nutrition is holozoic, and food- particles are ing(!sted 
at any point on the body-surface, as in the Pantastomina. Multiplication 
takes place by binary or multiple fission in the free state ; and division of the 
nucleus up to eight within a cyst has been observed, but tho entire life-cycle 
has not been worked out. Associated with L. hlattarum, another form, 

L. striata, occurs, but it is doubtful if this is a distinct sixjcics, or a phase or 
condition of L. hlattarum. 

The- group or family Trichonymphidee comprises a number of peculiar 
parasites found in tho digestive tract of various .species of Termitidce ; such 
are tho genera Joenia, Lophophora, Calonympha, Devcscovim, etc., and finally 
tho genus TrichonympJia, from which tho family takes its name. Tho chid 
peculiarity of those forms is tho possession of numerous flagella, which may 
bo disposed in tufts at the anterior end of the body, in a manner similar to 
Lojyhomoms (which by some authorities is included in this family), or may 
bo distributed over the whole body, like a coat of cilia, as in the genera 
Trichonympha, Dinenympha, etc. 

According to Hartmann, Trichonympha hertwigi occurs under two forms, 
which ho believes to represent male and female gamonts. They multiply 
by binary fission, and also by a process of sporulation to produce swarm- 
sporcs which are believed to be gametes. Dinenympha also exhibits sexual 
dimorphism, according to Comes (333). 

From Janicki’s investigations, there can be no doubt that Lophomonas is a 
true flagellate, possibly allied to Trichomonas, possibly, however, to the Pan- 
tastomina. I ho genus J oenia, parasitic in Galotcrmes flavicollis, was thought 
by its discoverer, Grassi, to connect Lophomonas and Trichonympha ; tho 
recently-described genus Lophophora (Comes, 332) also has points of resem- 
blance to Lophomonas, but is rcinarkablo for the presence of undulating mem- 
branes running tho length of the body. By some authorities, however, the 
Trichonymphidx have been placed with the Ciliata, while Hartmann considers 
that they should rank as an independent class of the Protozoa. 


Subclass II. : Binoflagellata seu Peridiniales. 

The characteristic feature of this subclass is the possession of 
two flagella, which arise close together about the middle of the 
body. One flagellum (Fig. 120, e) runs longitudinally backwards 
as a trailing flagellum ; the other (Fig. 120, d) runs transversely 
round the body. It is further characteristic of this group for the 
cuticle to be greatly thickened, forming a tough cuirass, or lorica, 
investing the body. The two flagella are usually lodged in grooves 
in the cuirass, the longitudinal flagellum in a longitudinal groove 
or sulcus f the transverse flagellum in a circular groove, or annulus. 
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The transverse flagellum executes undulating movements whuili 
were formerly mistaken for tliose of a ring of eilia ; lienee tlie name 
Cilioflagcllata formerly applied to this group. 

The cuirass, composed of c ‘llulose or an allied suhstam^e, is in its 
typical form a perfectly rigid structure, and is 
often prol inged into spikes and processes which 
cause the body as a whole to assume strange or 
even monstrous forms (Fig. 121). Detailed 
studies on the skeleton have been published by 
Kofoid in a scries of memoirs (374-383). The 
nutrition is for the most part holophytic, but 
in some species ingestion of solid food has been 
observed, A great many parasitic forms have 
been made known of recent years (Chatton, 

366-369 ; (Jaullcry, 364) ; these are for the most 
part forms which, in the vegetative, parasitic 
phase are inert bodies with no sign of locomotor 
organs, often fixed and pedunoulatc when ecto- 
parasitic ; but in their reproductive phases 
they betray their affinities by the formation 
of numerous flagellated swarm-spores exhibiting 
the typical Dinoflagellate structure. 

The pelagic species generally possess chroma- 
tophores, and frequently a red stigma, which in 
some genera — Pouchetia (Fig. 31), Erythropsis — is modifitsl into an 
cyo-liko organ. The deep-sea forms, on the other hand, are colourless. 

In many Dinoflagollatcs a peculiar system of vacuoles is found (Fig. 122), 
consisting of two sacs containing watery fluid, each of which empties itself 
to tho exterior by its own duet. They differ from 
ordinary contractile vacuoles in possessing a dis- 
tinct envelope and in not performing rhythmical 
contractions, and have hence been given the 
special name of “ pusules ” (Schiitt). One of these 
organs, termed the “ collecting- pusule,” consists of 
a reservoir- vacuole surrounded by a ring of smaller 
vacuoles which empty themselves into it ; tho 
other, termed tho “ sack-pusulo,” is a large cavity 
which takes up a great part of tho interior of tho 
cuiraas. The function of these organs is probably 
hydrostatic. 

Tho commonest method of reproduction is 
binary fission in the transverse plane of the body, 
in which each daughter-individual receives a half 
of the cuirass of the parent and regenerates the 
half that is wanting. Fission rapidly repi^atod may 
lead to the formation of chains of individuals. In 
other cases multiple fission within tho cuiraas has been observed, loading to the 
formation of swarm-spores which are possibly gametes ; but little is known of 
the sexual processes of these organisms. 

The Dinoflagollates are an exceedingly abundant and widespread group, 


Fio. 1 20. — Olenodi- 
ninm rinctum, 
K h re n 1)0 rg. a, 
Amyloid gmnules ; 
h, stigma ; c, clii-o- 
matophoros ; d, 
flagellum of tho 
transverse groove ; 
e, llag(‘llum of the 
vertical groove ; v., 
vacuole. From 
Lankestcr. 



Fia. 121 . — Ceratocorys 
Aomda; cuirass. After 
Stein, from Ijankestcr. 
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highly differentiated as regards forms and species. The vast majority are 
pelagic in habit, and constitute an imi)ortant clement of the plancton -fauna, 


both marine and frosh-waler. 



Fig. 122. — Peridinium diver- 
<jen.a: ventral view showing 
the vacuole-system, c.p., 
The collecting-pusulo sur- 
rounded by a rosette of still 
smaller pusules which oj)en 
into it ; a.p., the largo sao- 
pusule, or reservoir ; both 
ojicning into the fundus (/.), 
from which both the trans- 
verse flagellum (<.), lying in 
the annulus (a.), and the 
longitudinal flagellum (/.), 
arise. After Soniitt, from 
Lankester. 


A certain number of sjx^cies are adapted to 
parasitic life. They are divided into two 
orders. 

Order I. : Adinida (Proroccntrace.'e). — 
Primitive forms in which the typical peculi- 
arities of Dinoflagcllato organization arc not 
fully developed. The body-envelope consists 
of a bivalve shell without furrows. The two 
flagella emerge through an aperture between 
the two valves, and one flagellum projects 
freely into the water, while the other twists 
round it at the base. Example : Prorocentrum. 

Order II. : Binifera. — With the typical 
characters of the subclass, as described above. 
Families: (1) Oymnodinidee, without a well- 
developed cuirass— example : Qymnodinium ; 
the marine genus Oxyrrhis (Fig. 123) is referred 
to this family by Senn (1^58) ; it is holozoic 
in habit. (2) Peridinidee, with a well-developed 
cuirass made up of definite plates— examples : 
Qlenodinium (Fig. 120), Ceratium., Ceraiocorys 
(Fig. 121), Peridinium, etc. ; Pyrodinium 
(Plate, 385) is remarkable for its intense phos- 
phorescence ; at the hinder polo, between the 
chromatophores, the cytoplasm contains a body, 
the “ Nebenkorper ” of Plate, surrounded by 
numerous oil-drops, which are perhaps the 
seat of the luminosity. (3) Dinophysidee, 
oceanic species with the cuirass divided by a 
sagittal suture, often of extraordinary form — 


example : Dinophysis, etc. (4) Blastodinidce, 
a family created by Chatton (366, 367) for certain parasitic forms ; such 
are Blastodinium, an internal parasite of various cope*. pods, and Apodinium 
mycetoides, an ectoparasite of appendicularians {Fritillaria), The parasitic, 
vegetative form, without organs of locomotion, 
gives rise by periodic segmentation of mother- 
cells to successive generations of swarm-spores, 
which in their structure resemble Qymnodinium. 

Subclass III. : Cystoflagellata seu 
Rhynchoflagellata. 

This group comprises a small number of 
forms all marine and pelag.c in habitat. 

Their chief peculiarity is that, like so 
many other pelagic organisms of all classes, 
the body is inflated, as it were, with 
watery gelatinous substance, so that it 
attains to a size which far exceeds the 
actual bulk of the living substance con- 
tained in it. In consequence of the 
secondary increase in size, the powers of locomotion are feeble, and 
these organisms float more or less helplessly on the surface of the sea. 



ex., excretory 

I. 


vacuoles , 

mass about to bo cjoctot 
After Blochmann, from 
Senn (slightly modified) ; 
magnification 1,000. 
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Tho best known form is the common Noctilum miliaris of our coasts. The 
adult Noctihca is about the size of an ordinary pin’s head (1 to I ‘5 inillimotrcs 
in diameter). Tli('. spherical body consists chiefly of jelly, witli at one polo 
a superficial concentration of tho protoplasm containing the nuclei and giving 
off tho locomotor organs. From this central mass of protoplasm strands extend 
in an irregular network through tho whole body, which is limited by a thin 
pellicle. The central protoplasm bears the so-callecl “ peristome,” a deep groove 
containing tho mouth-aperture near ono end. Tho mouth is bordered by pro- 
jections known as tho “ tooth ” and the “ lip,” and near it arise two motilo 
organs— a small flagellum, and a largo tentacle-like process which shows a 
transversely striated structure and performs twisting and lashing movements. 
Tho tcntaclo is sometimes named tho “ flagellum,” and tho true flagellum 
tho “ cilium ” ; tho former probably serves as the organ of locomotion, the latter 
for food-capture. Tho nutrition is holozoie. 

Noctilum reproduces itself by binary fission, and also by multiple fission 
producing a brood of small flagellate swarm-spores. The formation of the latter 
has been stated to be preceded by isogamous conjugation of tho adults, but 
tho matter is open to doubt, and it is po.ssiblo that the swarm-spores them- 
selves represent tlie gametes. Other genera of Cystoflagcllata are Le/ptodiscus 
and Crmpedotella (Kofoid, 373), both remarkable for their superficial resem- 
blance to racdusre. No tentacle like that of Noctilum is present in either of these 
forms, and locomotion is effected by rhythmic contractions of tho disc-like 
body. 


Bibliography . — For refcrcncca seo p. 486. 



CHAPTER XIII 

THE H^MOFLAGELLATES AND ALLIED FORMS 

General Characters and Principal Types.— Vnder tlie term “Hnemo- 
flagollatcs ” arc grouped together a number of forms of wliieh tlie 
characteristic, thougli by no moans invariable, habit is alternating 
parasitism in the blood of a vertebrate and in the digestive tract 
of a blood-sucking invertebrate host. The group must be regarded, 
hoAvever, as one founded on practical convenience rather than on 
natural affinity—as a method of classification comparable to that 
of the gardener rather than of the botanist. The existence of a 
parasitic habit common to a number of different forms is in itself 
no proof of genetic affinity or community of descent, and it is highly 
probable that more than one line of ancestry has contributed, 
through divergent adaptation, to the composition of the group 
Hauno flagellates. The name itself has, moreover, lost much of its 
siguificaneo, since closely allied to the forms parasitic in blood, and 
inseparable from tlicm in a natural scheme of classification, are 
other forms parasitic only in invertebrates, or even free-living. 

The chief morphological characteristic of the Hajmoflagcllates is 
the possession of two nuclei, a trophonucleus and a kinetonucleus, 
and the relation of the locomotor to the nuclear apparatus is of the 
third typo distinguished in the preceding chapter (p. 263) ; on this 
account they are ranked by Hartmann and Jollos (390) as a distinct 
order of the Flagellata termed the Binucleata. 

The Haemoflagellates as a group comprise a number of forms 
which represent in some cases distinct generic types, in others 
merely developmental phases alternating with other forms in the 
life-cycles of particular species. The following six generic names 
represent the more important of these types : 

1. Trypanosoma (Fig. 126, etc.), with a single flagellum which 
arises near the kinetonucleus, at the extremity of the body which is 
posterior in progression, and runs forward as the marginal flagellum 
of an undulating membrane. At the anterior end of the body the 
flagellum is usually continued as a free flagellum, but in some cases 
it ends with the undulating membrane. A vast number of species 
parasitic in the blood of vertebrates and in the digestive tract of 
280 
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invertebrates alternately are comprised in this jnronus. Trypano- 
some-forms also occur as developmental phases in the life-ev<‘le of 
speci(^s parasitic solely in the digestive tracts of insects. 

2. Trypanoplasma (Figs. 36, 134), with two flagella arrang('d in 
* a lieteromastigote manner, and Avitli the posterior trailing flagellum 

united to the body by an undulating membrane for the greater part 
of its Icngtii. A number of species are knoAvn, which by their dis- 
tribution fall into three sections ; (1) Species parasitic in the blood 
of fresh-water fishes, with alternating parasitism in the digestive 
tract of leeches ; (2) species parasitic in the digestive tract of marine 
fishes ; (3) species parasitic in various invertebrates. 

3. Crilhidia (Fig. 135), with a single flagellum which arises near 
the kinetonuclcus, at about tlie middle of the body, in front of or 
close beside the trophonucleus, and runs along the pointed aiiterior 
end of the body to form the marginal flagellum of a relatively 
short, often rudimentary, undulating membrane, beyond which 
it is continued as a free flagellum. As an independent genus this 
type comprises species parasitic in the digestive tracts of various 
insects ; but the majority of the so-called species of Orithidia are 
merely phases in the developmental cycle of trypanosomes. 

4. Leptomonas (Herpctomonas — Figs. 124, 136), with a single 
flagellum arising at the anterior end of the body, and with no trace 
of an undulating membrane. As an independent generic typo 
this form occurs as a parasite of invcrt(fl)ratos, chiefly insects ; 
secondarily also in the latex of plants (Euphorbiaccje). It occairs 
also as a developmental form of the next genus in the invertebrate 
host or in cultures. 

5. Leislmania (Fig. 138), with an oval body containing a tropho- 
nucleus and kinetoniicleus, but with no flagellum. As a generic 
type this form is an intracellular parasite of a vertebrate host, 
multiplying there by fission and developing into a typical Lepto- 
moms-ioim. On the other hand, as a developmental phase this form 
represents simply a non-flagellatcd, resting stage which may occur 
in the life-cycle of either Trypanosoma, Crithidia, or Leptomonas. 

6. Prowazekia (Fig. 141), with two flagella arranged in the hetero- 
mastigoto manner, as in Trypanoplasma, but with the trailing 
flagellum quite free from the body, without an undulating mem- 
brane. Prowazekia is therefore quite similar in its morphology to 
Bodo, with which it was formerly confused, if, indeed, it is really 
distinct, and it differs from Bodo only in the possession of a kineto- 
nucleus. Several species are described, free-living or intestinal in 
habitat. 

Considering the above six types as a whole from a morphological 
standpoint, it is seen that there are two types of structure amongst 
them — the cercomonad or monomastigote type, represented by 
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Trypanosoma, Crithidia, and Lepfomonas, of which Leishmania may 
bo regarded as the resting, non-fiagellatod phase ; and the bodoruVl 
or heteromastigote type with two flagella, seen in Trypanoplmma 
and Prowazekia, We shall return to this point in considering tlie 
affinities of the group as a whole and of its constituent genera. 


The six typos enumoratod above are given with tlie nomonolaturo and 
definitions most commonly accepted, l)ut it is necessary to state that the 
application and signifi(!anee of the names Crithidia, Leptomonas, and Herpeto- 



monos, are much disputed and are far from 
being settled. The type of the genus Her'peio- 
monas of Saville Kent is a species found in 
tlio digestive tract of house-flies, H. mnsree- 
domesticce (Fig. 124). According to Prowazek 
(5.57), this form possesses normally two 
flagella, which are connected together by a 
membrane ; according to Patton (551 ) and 
many others, the biflagellate condition is due 
to precocious division of the normally single 
flagellum as a preparation for division of the 
body (compare Strickland, 558 ; Wenyon, 84). 
Those who follow Prowazek in regarding the 
biflagellate condition of Herpetomonas as its 
normal adult form employ the older genus 
Lrptomonas of Saville Kent'*' for forms with a 
single flagellum (Chatton, Roubaud, Prowazek). 
The main source of the confusion in the nomen- 
clature arises from the uncertainty which still 
exists in many cases as to whether a given form 
or structural typo is to be regarded as an in- 
dependent specific or generic type, or as a 
developmental phase of another species. This 
applies especially to the genus Crithidia, 
founded by L6ger (543) for a species, C. 
fasciculata, from the intestine of Anopheles 
maculipennis, and defined as a small uniflagel- 
late form shaj)ed like a grain of barley (Greek, 
KpiSr}). Such forms, however, occur as 


developmental forms of trypanosomes or of 
A leptomonads, and it is extremely probable that 

Fig. 1 24.-7/ erpetomonaa species on which Leger founded his genus 

muscce-domesticce (Burnett). simply a phase of this kind, which Wood- 
A, Motile individual with ^^ck (527) has proposed to call the “ trypano- 
two flagella ; B, cyst : n., monad ” phase, in the development of a 
nucleus ; hi, kinotonuclous. trypanosome. On this ground Dunkerly 
After Prowazek. (535), who has recently discussed the whole 

question, considers that the name Crithidia 
cannot be used as a generic name at all, but must bo merged in Leptomonas, 
the name that should be used for all the uniflagellate parasites of insect-guts; 
'while Herpetomonas should either become a synonym of Leptomonas, or should 
be used solely for Prowazek’s biflagellate type, if that prove to bo a distinct 
generic typo. On the other hand, L6gor and Duboscq (646, p. 232, footnote) 
consider that Crithidia should bo retained, and Leptomonas ranked as a 


* The genus Leptomonas was founded by Saville Kent, *’ Manual of Infusoria,” 
vol. i., p. 243, for L. hutseJUii, parasite of the nematode worm Trilohus gracilis ; 
the genus Herpetomonas was founded on p. 245 of the same work for H. muscce- 
domestica and 77. lewisi ( = Trypanosoma lewisi). Leptomonas is therefore techni- 
cally the older genus. 
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synonym of it. The question has given rise to a controversy which has been 
carried on by some of the participants in an acrimonious and even iinscomly 
maniuw, and which it would be unprofitable to discuss further here, since 
the question is one which must be decided ultimately by facts, and not by 
personal opinions or tastes. 

t 

Tlio various forms comprised in the Hiemoflagelhit(^s may now 
be considered in detail, beginning witli the most important type. 

I. The Genus Trypanosoma. 

Occurrence. — Trypanosomes were first discovered as blood- 
parasites of cold-blooded vertebrates — fishes and batrachia ; the 
type-species of the genus Trypanosoma is T. rokitorium (synonyms, 
T. samjuinis, Undulina ranarum) of the frog (Rana esculenta). 
Trypanosomes are now known, however, to occur commonly as 
blood-parasites in all classes of vertebrates. In a wild state many 
species of mammals, birds, and other vertebrate animals, are often 
found to harbour trypanosomes in their blood, tliough frequently 
in such scanty numbers as to render the detection of the parasites 
extremely difficult. It may be almost impossible in some cases to 
find trypanosomes in the blood of an animal by direct microscjopie 
examination, owing to their great scarcity ; but in such cases an 
artificial culture made from the blood may reveal the presence of the 
parasites, since in a few days the trypanosomes originally present 
in small numbers in the blood multiply, under favourable conditions, 
to produce a swarm of flagellates. The cultural forms arc quite 
different, as a rule, from the blood-forms which gave rise to them, 
and appear generally as crithidial or trypanomonad types ; thus, 
cultures furnish evidence of the existence of a trypanosome in a 
given host, but give no indication whatever of the type of parasite 
actually present in the blood. 

In some cases the trypanosomes appear to bo present in the 
peripheral circulation of the vertebrate host only at certain periods, 
and at other times they are only to be found in the internal organs 
or tissues of the host, such as the spleen, bone-marrow, liver, lungs, 
etc. The trypanosome of Athene nociua — T. noctuce, for example — 
is to be found during the winter only in the bone-marrow of its host, 
and appears in the peripheral circulation during the summer months, 
and then most abundantly in the night-time (Minchin and Wood- 
cock, 42). Hence, for various reasons, it may often be extremely 
difficult to decide whether a given animal is infected with trypano- 
somes or not ; and in recent years trypanosomes have been dis- 
covered in animals in which their presence was previously quite 
unsuspected — for instance, in calves (Crawley, Carini,423, Stockman ; 
See also Bulletin of the Sleeping Sickness Bureau, No. 29, p. 320) 
and in sheep (Woodcock, 627, p. 713, footnote). 



Fio. \2^— Trypanosoma mega, from the blood 
of African frogs. /?.i, Marginal flagellum of 
the undulating membrane ; free flagellum ; 
rn., myoneme-st nations (it is doubtful whether 
the granular streaks or the clear interspaces 
correspond exactly to the actual myonemes) ; 
n, kinetonucleus ; N, space in which 
the trophonuoleus lies, but, not being 
stained, it is not clearly defined in 
the preparation. After Minch in, magni- 
fied 2,()()0; compare Figs. 11 and 12 at 
the same magnification. 
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Effects on the Host. — The trypanosomes found infesting wild 
animals in Nature are, as a rule, quite specific to a particular host, 
and, so far as can be observed, perfectly liannless to it. If tlie 
relations between liost and parasite had always been of tliis typo 
in all cases, our knowledge of trypanosomes would ho in a much 
more backward state even than it is. Of recent years a vast 
amount of attention has been attracted to these parasites owing to 
the diseases of man and animals caused by certain species of trypano- 
somes, and hence termed comprehensively “ trypanos(jniiases.” 
The greater number of these pathogcuiic species belong, from the 
stmctural point of view, to a type which may bo called the hrucii- 
type (Fig. 12) ; such are T. hrwii, cause of tsetse-fly disease ; T. gam- 
hiense, of sleeping sickness ; T. evansi, of surra ; T. equiperdum, of 
dourine ; and many others. The structural similarity of these 
species renders their identification a matter of extreme difficulty. 
Of a slightly different type is T. equinum, of “ mal de cadcras ” in 
South America, with a very minute kinetonueleus ; but tlie recently- 
described T. hippicum of “ murrina ” (Darling, 428) appears to bo 
a typical member of the femcn-group. T. theileri, on the other 
liand, from cattle, is very distinct in size and appearance from the 
members of the 6rwcu-group. Finally, T. cruzi, tlie cause of human 
trypanosomiasis in Brazil, stands apart from all tlie others in 
peculiarities of reproduction and development, which have led to 
its being ranked in a distinct subgenus, Schizotrypanum. 

The problem of the pathogenic trypanosomes has been touched 
upon in Chapter II. From a survey of trypanosomes in general, it 
is clear that the normal type of these parasites is one which is specific 
to one or to a limited number of species of hosts, to which it is quite 
harmless. The pathogenic species are to be regarded as aberrant 
forms not yet adapted to their hosts, as an instance of a disharmony 
in Nature. They are species which have probably established 
themselves but recently in the hosts to which they arc pathogenic. 
As contrasted with the natural, non-pathogenic forms, their most 
striking peculiarities are that they are not specific to one host, but 
can flourish in a great number of different species of hosts, and that 
in susceptible animals their power of multiplication has no limit. 
T. hrucii, so deadly to many domestic animals, is known to occur 
also as a natural parasite of wild animals, to which it is harmless. 

Structure. — The constitution of the trypanosome-body is of a 
very uniform type in its general traits, though subject to great 
variation in different cases as regards size, form, and minor details 
of structure. The body is typically long and sinuous, with the 
anterior end tapering gradually to a fine point, while the posterior 
extremity is usually broader, and tapers more abruptly, or ends 
bluntly ; but in different forms, even of the same species, there may 
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be great variation, from long, slender to short, stumpy types, and 
in some cases the posterior end is also greatly drawn out and attenu- 
ated. The principal nucleus or trophonucleus is usually situated 
near the middle of the body. The kinetonucleus is almost invariably 
beliind the trophonucleus,* sometimes close behind it, but more 
usually near the posterior extremity, separated from the tropho- 
nucleus by about half the length of the body. 

The flagellum arises from a centriolc (blepharoplast) which is in 
connection with the kinetonucleus. In the more primitive type of 
arrangement the blepharoplast is lodged within the kinetonucleus 
itself, and then the flagellum appears to arise from the kineto- 
nucleus directly (Wenyon, 84). In most cases, however, the 
blepharoplast is situated close beside, and usually in front of, the 
kinetonucleus, connected with it by a delicate rhizoplast. When 
the blepharoplast is distinct from the kinetonucleus, it is at present 
an open question whether the kinetonucleus contains a ceiitriole 
of its own, in addition to the blepharoplast, or whether the blepharo- 
plast represents a ceiitriole which belongs to the kinetonucleus, but 
has migrated to the exterior of this body. 

Passing from the blepharoplast to the surface of the body, the 
llagellum forms the free border of the undulating membrane, which 
runs forward from the vicinity of the kinetonucleus to the extreme 
anterior end of the body as a fin-like ridge or fold of the periplast, 
of variable width (c/. Fig. 126). The flagellum may in some cases 
end with the undulating membrane at the anterior end of the body, 
but more usually it is prolonged forward beyond this point, so that 
a free portion of variable length is to be distinguished from the mar- 
ginal portion contained in the undulating membrane. The sinuous 
body, the undulating membrane, and the flagellum, are alike in a 
state of incessant movement during life, and in larger forms con- 
tractile myonemes are clearly visible in the periplast of the body 
(Fig. 28, p. 58) ; in the more minute individuals the presence of such 
elements must be inferred from their movements, but cannot always 
bo demonstrated optically. 

The movements of a trypanosome, speaking generally, are of two typos : 
travelling movements, when it progresses with the free flagellum forwards, 
sometimes very fast, shooting across the field of tho microscope in a straight 
lino {mouvement en flkhe), sometimes, on tho other hand, pushing its way 
s lowly through the blood-corpuscles, with the flagellum directed either forwards 
or backwards in movement ; and wriggling movements, when tho animal 
writhes incessantly in serpentine contortions with little or no displacement 

♦ The only known exceptions are furnished by certain forms of tho recently- 
described T. rhodestense {vide Stephens and Fantham), atid by some of the small 
forms seen during the multiplication of T. lewisi (Fig. 127, L). It is needless to 
point out that the statement made above applies to the typical trypanosome-form 
as found in tho vertebrate blood, and not to tho developmental forms through which 
they pass in the invertebrate host (orithidial and other types). 
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from a given 8i)ot. Many trypanosomes, especially the largo stout forms, 
are very sluggish in their movements, and show but little power of progression. 
At the opposite extreme, in this respect, is the African parasite of cattle, well 
named byZiemann T.vivax, which, according to Bruce and his collaborators 
(411, iii.)i “ dashes across the field of the microscope with such rapidity that 
•it is impossible to follow its movements, cyclone-like leaving a clear path, the 
corpuscles in its track liaving been flung on cither side. If it remains at the 
same spot for a time, as it sometimes docs, it has an appearance of great 
energy and [wwer, throwing the surrounding red blood-corpuscles about n\ 
wild confusion.” , • 

In the foregoing paragraphs the terms ‘ anterior and posterior, as 
applied to the trypanosome-body, have been used strictly with reference to 
its mode of progression. It is pointed out below, in the comparison 
with other tyixjs such as Tnj'panoplasma and Crilhidia, that the extremity 



Fig. 12().— a, Trypanosoma tinew of the tench ; note the very broad undulating 
membrane in this species ; B. C, T. perm of the perch, slender and stout 
forms. After Minchin, X 2,000. 


of the body which is anterior, in the strictly morphological sense, m one 
species, may conceivably be posterior in another case. Hence some writers 
avoid the use of the words “ anterior ” and “ posterior, and substitute for 
them “ flagellar ” and “ aflagollar ” respectively, to denote the two ‘d 
the body. There is as yet, however, no concrete evidence for regarding tne 
flagellar extremity as morphologically posterior in any known siiccics o 

^S^iuXilating membrane is to bo regarded as a fold of the i»riplast or 
ectoplasm, into which the granular endoplasm may extend a short way in 
some cases ; it arises from the body along a line which is sometimes spoken of 
as “dorsal,” an unnecessary refinement of terms. Iho free edge of tie 
membrane, with its marginal flagellum, can be shown by direct measurements 
to exceed considerably in length that portion of the body o w ic i i is a 
tached ; consequently its free edge is thrown into folds or pleats more or less 
marked. In preparations, trypanosomes are seen to ho, speaking generally, 
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in ono of tlio thrco ways ; a certain number show the body extended nearly 
in a straight lino, with the free edge of the membrane much pleated, but as a 
rule the body is curved, and then either with ono jirincipal bend, like a C, or 
with several S-like serpentine bonds. In either case the undulating mem brane 
is seen almost invariably to run on the convex side of each curve. In C-like 
forms (Fig. 125, .4) the membrane runs evenly along the outside of the principal > 
curve, and the myonemos parallel to it. In S-like forms (Fig. 125, B) the 
membrane is often scon distinctly to be spirally twisted round the body, the 
myonemos also exhibiting the same twist. In life the undulating membrane 
ixsrforrns, as its name implies, movements like those of a sail flapping in the 
wind. Wave-like undulations ruji along it from one end to the other, but not 
always in the same direction ; it has been observed that reversals of the move- 
ments may take place, the waves first running in one direction for a time, 
and then suddenly undergoing a change and running in the opposite direction 
(Minchin and Woodcock, 42). 

Much confusion exists in the nomenclature of the parts of the trypanosome- 
body, more especially with regard to the small body for which Woodcock’s 
term “ kinotonuclcus ” (“ Geissolkern ”) is here used — a confusion duo to 
dilferenccs of cjdological interpretation. While it has never been doubted 
that the larger body {N.) is a true nucleus, various views have been held 
with regard to the smaller body (w.), which, summarized briefly, are as 
follows : The older writers regarded it merely as an organ of the periplast 
from which the flagellum arose. Stassano, and Bradford and Plimmer re- 
garded n. as a body of nuclear nature, and termed it the “ micronuclous,’* 
comparing it with the similarly-named body of Infusoria. Laveran and 
Mcsnil (404, 391), on the other hand, regarded n, as the “ centrosome,” the 
name by which it is generally known in France. iSchaudinn (132) emphasized 
strongly its nuclear nature, and stated that n. was not a centrosome, but 
ncvortholcss used for it the term “ blepharoplast,” by which it is still generally 
known in Germany, although a true blepharoplast is a body of centrosomic 
nature. Moore and Broinl (484) reverted to the centrosomic view, and termed 
n. the “ extranuclear centrosome,” believing that it arose by division of the 
intranuclear centrosome contained in the principal nucleus {N.). Hartmann 
and Prowazek (63), on the basis of their nuclear theory of the centrosome (see 
Chapter VI., p. 95), regarded n. as a body both of nuclear and centrosomic 
nature, using for it the term “ blepharoplast ” ; so also Kosenbusch. Finally, 
Doflein (7), who is not convinced of its truly nuclear nature, continues to 
employ for n. the term ” blepharoplast.” With these many conflicting views 
with regard to the nature of »., the basal granule has been either ignored or 
overlooked, or considered as a mere “ end- bead ” of no particular importance, 
or ranked as a contriolo, as it doubtless is. The nomenclature used here is 
based on tho general theory that a centrosome, or its equivalent, a blepharo- 
plast, is an achromatinic body of nuclear origin, but not equivalent to an entire 
nucleus, and on the conviction that n, is a truo nucleus, and therefore is not 
to be regarded either as a centrosome or a blepharoplast. For a fuller dis- 
cussion of these points, see Robertson and Minchin (80). 

Tho trophonuclous of a trypanosome is typically a vesicular nucleus con- 
taining a karyosomo in which is lodged a contriolo. Tho karyosome varies 
in size in different species, and is sometimes double or multiple ; in T, granu- 
losum the smallest forms have a smgle karyosomo which buds off others as 
the animal increases in size (Minchin, 478). By tho method which is most in 
vogue, however, for making permanent preparations of trypanosomes — 
namely, tho various modifications of the Romanowsky-stain — this structure 
is seldom to bo made out, and tho trophonuclous appears generally as an 
evenly-stained mass or as a dense clump of stained granules. It contains 
a centriole, difficult to make out in the resting condition, owing to its being 
embedded in tho substance of the nucleus. The kinetonucleus consists 
mainly of a mass of plastin impregnated with chromatin, stoining very 
deeply, rounded, oval, or even rod-Iiko in shape. According to Rosen busch, 
the chromatinic mass of the kinetonucleus is to be regarded as representing 
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a karyosome, and it is surrounded by a space, sometimes purely virtual, 
which represents the nuclear vacuole, bordered by a delicate nucl(%ar mem- 
brane, on or close to whicli the basal granule of the Hagellum is lodged. 

In some species of the 6mcu-group, an axial filament, apparently a sup- 
porting structure of the nature of an axostyle, has been described {rf. Swol- 
•lengrebel, /)14). The system of fibrils, however, with which Prowazek 
decorates the trypanosome-body are probably arfefacts {rf. Mirudiin, 470). 

Many trypanosonu's contain granules in their cytoplasm wliich stain 
similarly to chromatin, so-called “ chromafoid grains.” According to Hwcl- 
hmgrcbel (514), they are of the nature of volutin (p. 08, mpra). 

The division of a trypanosome is initiated, as a rule, by thti division of the 
bh'.pharoplast or basal granule of the Hagellum, and following close on this 
a reduplication of the llagtdium takes place, the exact method of which is 
disputetf. In some cases the old Hagellum apfx^ars to split ; in others the 
parent-flagellum remains unaltered, and a daughter-Hagellum grows out 
from the daughter- blepharoplast. It is asserted by some that in all cases 
the now flagellum r(;ally arises as an independent outgrowth of a blepharoplast, 
and that the splitting of the old flagellum is only apparent, and due to the? 
daughter- flagellum growing out at first in its sheath, from which it separates 
later {cf. Wenyon, 84). The division of the kinetonucleus follows hard 
on that of the blepharoplast, and next, as a rule, the trophonucleus divides. 
When the division of flagellum and nuclei is complete the body divides, Ix^gin- 
ning to do so at the flagellar end ; the two sister-trypanosomes arc often 
connected for a time by the jx)stcrior extremities. 

The division of the kinetonucleus is a simple constriction into two ; that of 
the troplionucleus is of a simple type, in which first the centriole and tlum the 
karyosome divides. The two daughter-karyosomes travel apart, and the 
nuchms follows suit. The two daughter-nuclei sometimes remain connected 
for a time by a long centrodesmoso, which is finally severed. Such, at least, 
is the mode of division of the two nuclei as it has presented itself to the majority 
of investigators, and the nuclear division of trypanosomes is to bo regarded 
as amitotic, or at least not further advanced towards mitosis than that of 
Coccidium described above (p. 108, Pig. 51). According to Rosenbusch, 
however, the division of the nuclei, both trophic and kinetic, takes place by 
true mitosis. This author is in advance of his contemporaries upon this 
point, and his statements require independent confirmation before they can 
be accepted unreservedly, since in objects of such minuteness, requiring 
delicate and elaborate technique, imagination may all too readily outrun 
perception. 

Life-History . — The transmission of trypanosomes from tlie blood 
of one vertebrate host to another is effected, probably for every 
species of these parasites, by the agency of a blood-sueking inverte- 
brate of some kind. When the host is a terrestrial vertebrate, the 
transmitting agent is generally an insect, such as a mosquito or 
some biting fly or bug, or an ectoparasite of the host, such as a 
flea, louse, or possibly a tick in some cases ; the trypanosomes of 
aquatic vertebrates, on the other hand, are transmitted by leeches 
in all cases that have been investigated. In addition to inoculative 
transmission (p. 24) of this kind, trypanosomes may pass directly 
from one vertebrate host to another during coitus ; this is known to 
occur in the case of the parasite of “ dourine ” in horses {T. equi- 
perdum), and has been suspected, but not proved, to take place in 
other cases also. It is also possible for the vertebrate to become 
infected by devouring animals containing living trypanosomes, 

19 
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whether it be the blood-sucking invertebrate, or possibly the flesh 
or organs of another vertebrate infected with trypanosomes. 

Two methods of inoculative transmission of trypanosomes have 
been distinguished ; in the one, ktiown as the “direct” or “ mechan- 
ical” method, the parasites merely become contained in or adlicre to 
the proboscis of the blood-sucking intermediary when it sucks blood 
from an iTifected animal ; and when it feeds a second time the try- 
panosomes pass directly, and without having undergone any change 
or development, into tlie second liost ; in the otlier, known as the 
“ indirect ” or “ cyclical” method, the trypanosomes, wlnm taken up 
by the hlood-sucking invertebrate, go through a developmental ciyclc 
in it, at tlic end of which, but not before, they are “ ripe ’’for inocu- 
lation into a suitable vertebrate host. Comparing natural with 
artificial processes of infection, in tlie direct method the blood- 
sucking invertebrate may be said to play the role merely of an 
injection-syringe, but in the indirect method it acts also as a culture- 
medium, in which the parasite passes through various phases and 
assumes forms quite different from tliose occurring in vertebrate 
blood, Patton (393) has put forward the view that transmission 
is always by the direct mctliod, and that the erithidial and otlier 
forms found in tlic blood-sucking invertebrate are parasites of tlie 
invertebrate alone, and liave no connection witli the trypanosomes 
found in vertebrates ; but the number of cases in which it has 
now been shown clearly that trypanosomes go through a definite 
cycle in tlie invertebrate host disproves Patton’s contention, and 
renders it unnecessary to discuss it further. It is rather the 
direct method that stands in need of furtlier demonstration ; though 
undeniably possible as a laboratory-experiment, it may be doubted 
if it ever really occurs in Nature, and in any case it is probably to 
be regarded as a purely accidental rather than a normal occurrence. 

It has been frequently asserted or assumed that trypanosomes 
can pass from parent to offspring, by so-called “ hereditary trans- 
mission,” in the invertebrate host, but convincing proof of this state- 
ment is as yet lacking entirely. Attempts to prove hereditary trans- 
mission by direct experiment have given, for the most part, negative 
results, and the observation so frequently made, that leeches, tsetse- 
flies, fleas, mosquitoes, etc., bred from the egg and not exposed 
to infection, are entirely free from parasitic flagellates, affords cumu- 
lative evidence against the existence of any such method of trans- 
mission (c/. Kleine and Taute, 459), Brumpt (419), however, asserts 
that T, inopinatum is transmitted hereditarily from parent to off- 
spring of the leech Helohdella algira. According to Porter (554), 
“ Grithidia ” melophagia of the sheep-ked is also transmitted from 
parent to offspring in this insect ; and if, as is extremely probable, 
the flagellate in question is the developmental phase of the trypano- 
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some of the sheep, it would furnish anotlier instance of liercditary 
transmission. Hence tliis mode of transmission must, apparently, 
be reckoned with in some instances, tliough it is evidently an ex- 
tremely rare phenomenon in trypanosomes generally. 

* Just as a given species of trypanosome is, in Nature, capable of 
maintaining itself only in a particular species, oi’ limited group (»f 
species, of vertebrate hosts, so it may be said, as a gcuieral rul(‘, 
that in transmission by the (“yelieal method the para, sites arc' 
speeirie in tin; same way to certain invertebrate; hosts, in Avhieh 
alone they are able; to go through tlieir full natural eyele. Amongst 
the many blood-suekieig invertebrates which may prey upon the 
vertebrate, we may distinguish “right” and “ wrong ” hosts ; in 
the right host or hosts the parasite establishes itself more or less 
easily, and passes through a full and eompl(;te develo|)mental 
cycle ; in the wrong host it either dies out immediately or goes 
through only a part of its eyele. The distinction between riglit 
and wrong hosts must not, however, be taken in an absolute sense, 
but as implying only that, amongst many possible hosts, there is 
one at least to which the parasites have be(!onie better adapted 
than to any other ; but the trypanosomes may s()m(;times sue(;eed 
in maintaining themselves in other than the right host siillieiently 
long to pass back again into the vertebrate. Thus, in the ease of 
the rat-trypanosorne [T. Uwisi) the right host is a rat-flea {Cerato- 
fhyllus jasciaius, or possibly other species) ; but it may persist in 
the rat-louse {Hmmato'pinus sfinulosm), and even pass from it, 
thougli rarely, back into the rat again. 

The following are a few well-established examples, in addition 
to that of T. lewisi already cited, of trypanosomes and their right 
hosts. Many pathogenic species of trypanosomes in Africa are 
transmitted by tsetse- flies — e.g., T. gambiense and T, vivax by 
Olossina falpalis, T. brucii by G. morsitans* etc. The recently- 
described cruzi of Brazil was discovered in its invertebrate; host, 
a blood-sucking hemipterous insect, Gonorhinus megistus, before it 
was found in the blood of human beings. The trypanosomes of 
certain fresh-water fishes — namely, goldfish, perch, etc. — pass 
through their developmental cycle in the leech Hemiclepsifi mar- 
ginata (Robertson, 503). T. raice of skates and rays develops in 
the leech Pontobdella muricata (Robertson, 500, 502). The trypano- 
some of African crocodiles, T. grayi, develops in the tsetse-fly 
Olossina palpalis (Kleine, 458 ; Kleine and Taute, 459), and stages 
in its life-cycle have consequently been confused with those of 
T. gambiense in the same fly. The trypanosomes of birds are prob- 
ably transmitted for the most part by mosquitoes, but the details of 

* According to Taute, Q. morsitans can act as a true host for T. (jarnhknse, and, 
conversely, according to Fischer, 0. palpalis can do the same for T. brucii. 
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their transmission have not yet been worked out in a satisfactory or 
conclusive manner. 

It must ho considered for tho present an open question whether true try- 
panosomes occur as parasites of an invertebrate host exclusively ; the answer 
to the question will depend on the signiKcancc given to the expression “ true ’ 
trypanosome.” It is now practically certain that many leptomonads have a 
trypaniform phase in their development (sec p. 314, infra), so-called “ lej)to- 
try})anosomc8.” In Drosophila confusa, a non-biting, muscid fly, Chatton 
and Alilaire (compare also (diatton and Lcger) found in the Malpighian tubules 
a trypaniform typo of flagellate which they consider as a “ eutrypanosome,” 
as a species of Trypanosoma distinct from tho Leptomonas occurring in the 
gut of tho same fly (Fig. 137). Wenyon (84) also found similar forms in tho 
Malpighian tubules of house-flies in Bagdad, and considered that they might 
belong to the cycle of the Leptomonas {Herpetomonas) in the same host. In 
both cases tho phase in tho Malpighian tubules is a little stumpy trypanosome- 
like form, very similar in its characters to T, nanum. The fact that these 
“ eutrypanosomes ” are so far known only to occur in flics which are infected 
also by a species of Leptomonas indicates that, like tho “ leptotrypanosomes,” 
they are merely a phase in the cycle of the Leptomonas. 

From tho foregoing it is seen that the complete life-cycle of a 
trypanosome is an alternation of generations corresponding to an 
alternation of hosts. One part of the cycle is passed in the blood of 
a vertebrate, in which the predominant form is the trypanosome- 
type of flagellate ; the second part is passed in tho digestive tract 
of an invertebrate, and here the predominant form is the crithidial 
or trypanomonad type. We may consider the life-history, therefore, 
under these two principal phases : 

1. As a type of the life-cycle in the vertebrate host, that of the 
common rat-trypanosome may be taken. After infection, natural 
or artificial, of the rat, the trypanosomes make their appearance 
in the blood about the fifth, sixth, or seventh day. What tho para- 
sites have been doing during this time, the so-called “ incubation- 
period ” in tho rat, cannot as yet be stated definitely ; it may bo 
that the relatively few trypanosomes inoculated by the flea or 
syringe have merely been multiplying steadily, in the manner 
presently to be described, until they become sufficiently numerous 
in the blood to be detected by microscopic examination ; there may, 
on the other hand, be phases of the parasite as yet unknown during 
this period, and, according to recent statements (Carini, 422), a 
process of schizogony takes place in the lung similar to that dis- 
covered by Chagas in Schizotrypanum cruzi (see below). 

When the trypanosomes first appear in the blood, their most 
striking peculiarity is the extraordinary diversity in type which they 
exihibit. Besides “ ordinary ” individuals of tho normal dimensions 
of the “ adult ” form, there are others smaller or larger, the extremes 
of size being relatively huge in one direction, very minute in the 
other. These differences of size are due to the fact that the try- 
panosomes are multipl 3 dng actively, the large forms being those 




Fia. 127. Various forms of multiplication in Trypanosoma hwisi from tho blood 
of the rat. A, Trypanosome of tho ordinary typo ; B, small form resulting 
from division ; G, stage in equal binary fission ; the nuclei have divided and 
two flagella arc present, but division of tho body is beginning, and is indicated 
by a lighter streak down the middle of the Iwdy ; D, final stage of binary 
hssion, which is complete except for a bridge of protoplasm, much drawu 
out, connecting the hinder ends of the two sister-trypanosomes ; E, form 
with hinder end drawn out [longocaudense typo), tho result of binary fission 
as seen in the last figure ; F, unequal binai^ fission of a large trypanosome ; 
0, H, continued fission of tho same type ; in a parent and three daughter- 
individuals, in. H a parent and seven daughter-individuals, can bo distin- 
guished ; tho parent-individual in each case is marked by the possession of 
a flagellum of the full normal length, while tho daughter-individuals, formed 
by successive divisions, have flagella varying in length ; I, a small form, 
wmilar to B, but with tho kinetonuolcus in front of tho trophonucleus ; J, 
binaiy fission of a form similar to / ; further division of a similar form 
producing a rosette of seven individuals still connected together. From 
preparations made by Dr. J. D. Thomson ; magnified 2,000 diameters. 
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which are about to reproduce themselves by some form of fission, 
while the small forms are tliosc which have resulted from a recent 
act of reproduction. 

The multiplication of T. lewisi in tho rat’s blood takes various forms » 
(Fig. 127). In some cases a trypanosome divides by equal binary fission 
{C, D), but this is comparatively rare. More usually the fission is markedly 
unequal, and of a multiple tyi^c. Small daughter -forms an; split off from 
large parent-individuals, and usually many at a time; the niudcus of the parent- 
form divides several times, and subsequently the bo;ly divides into as many 
portions as there are nuclei, thus producing rosette-like forms (Fig. 127, 
F, 0, II) in which the original parent cati usually be dist-inguish(;d by its long 
flagellum from tho small daughter-individuals with their flagella growing 
out. Tlie small forms are sometimes set free with a crithiilial type of struc- 
ture, the kinetonucleus in front of tho trophonucleus (Fig. 127, L), and these 
immature forms may proceed to reproduce themselves rai)idly again by 
either binary or multiple fission, in tlu; latter case forming rosettes in which 
no large parent-form can be distinguished (Fig. 127, K). 

A curious tyix; of trypanosome found during the multiplication-period of 
T. lewisi is a form with the iwstcrior end prolonged to a great length, so 
that it almost resembles a second flagellum (Fig. 127, F), and has sometimes 
been mistaken for such. This form has been described by Lingard as a dis- 
tinct species under the name T. longocau dense. These forms ap|)ear to arise 
by binary fission (Fig. 127, D ) ; they are of constant occurrence and very 
numerous at a certain stage of the multiplication-period. 

The multiplication of T. lewisi in tho rat’s blood is most active 
from tho oighth to tho tenth day after infection, after whicdi it is 
on tho decline and gradually ceases. The relative number of forms 
of ordinary size increases steadily, while those of unusual diimm- 
sions, whether great or small, become continually scarcer, until 
about the tweKth or thirteenth day the trypanosomes, now usually 
present in vast numbers in the blood, are of uniform size and 
appearance, exhibiting, apart from occasional abnormalities, indi- 
vidual variations only of a comparatively slight character ; and all 
multiplication has ceased entirely, never to recommence in the 
same host. The trypanosomes swarm in the blood of the rat for 
a certain time, which varies in different cases, but is usually one 
or two months. The infect’on of the rat is sometimes spoken of as 
“ acute ” when the trypanosomes are multiplying, and as “ chronic ” 
when multiplication has ceased, not, however, very well-chosen 
terms, since the trypanosomes soon begin to diminish in number, 
and finally disappear altogether ; sometimes the diminution is very 
gradual and slow, sometime? it takes place with great rapidity. In 
either case the rat gets rid of its infection entirely sooner or later, 
without having suffered, apparently, any marked inconvenience 
from it,* and is then immune against a fresh infection with this 
species of trypanosome. 

* Instonoes arc on record of lethal epizootio.s of rats ascribed to T. lewisi ; but 
the proof that this parasite was really the cause of tho disease is lacking. Under 
normal oiroumstances rats show no i)erceptible pathological symptoms whatever 
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A typo of (lovolopmcnt in the vertebrate host contrasting in many points 
with that described in the foregoing paragraphs is seen in T. cruzi (Fig. 128), 
the cause of human trypanosojniasis in Brazil. In this ease tin; ordinary or 
adult forms of the trypanosome found in the general circulation do Hot 
multiply there ; but the investigations of Chagas and of Hartmann have 
• made known two types of multiplication which take place in the internal 
organs of the body. 

The first type of multiplication proceeds in the ca])illaries of tlie lung 
(Fig. 128, b—f ). An adult trypanosome lo.ses its flagellum, and in some eases 
its kinctonuclcus also ; its body then becomes rounded oil into an oval mass ; 
the trophonuelcus, and also the kinctonuclcus, if present, multij)]y by sue 
cessivo divisions to form eight nuclei of each kind ; and finally tln^ body 
divides within its own periplast into eight minute daughter-individuals, so- 
called “ mcrozoites.” The mcrozoites arc stated to exhibit a dimorphism 



Fig. 128. — Phases of T. {Schizotrypanuni) cruzi in vertebrate blood, a, The two 
forms of the adult trypano.some, “ male ” (upixir) and “ female “ (lower), from 
human blood ; b, preparations for schizogony ; c, schizont ; d, division of the 
nucleus of the schizont ; e, divi.sion of the .schizont into eight mcT-ozoitc.s ; 
f, merozoitc in a blood-corpuscle ; g, intracorpuscular phase in late stage 
of growth ; h, similar phase e.scai)ing from a corpuscle, the flagellum not yet 
formed ; i, similar ])hase, the tlagellum in process of formation. Stagcis 
b — e arc found in the lung, tho others in the ixjripheral blood. After 
Chagas (426). 

which Chagas regards as sexual ; those produced by trypanosomes which 
retained their kinctonuclcus havo both trophic and kinetic nuclei and a 
rudiment of a flagellum (male forms) ; those derived from trypanosomes which 
lost both flagellum and kinctonuclcus have only a trophonuelcus (female 
forms) ; in the latter case the single nucleus divides into two unequal parts, 
of which the smaller iK^eomcs the new kinctonuclcus, and a flagellum is 
formed subsequently. In either case tho mcrozoites penetrate into blood- 

from oven the most swarming infection with T. lewisi (for tho action of the ren* 
forces ” strains see p. 28). Those who study habitually tho lethal speoios of 
trypanosomes often display a natural bias, not in tho least justified, to assume 
that a similar virulence is an inseparable attribute of all other species cf these 
parasites. If that were so, it would be necessary to consider practically every 
specimen of pike, bream, perch, or tench, in tho Norfolk Broads, for instance, to bo 
in a diseased condition. 
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corpuscles, and so pass into the general circulation. Within the corpuscle 
they grow into the adult form, which is finally set free from the (!orpuscle as 
a trypanosome of normal structure. The adult trypanosome (Fig. 128, a), 
swimming freely in the blood-plasma, may either be taken up by the inverte- 
brate host in which it develops, or may repeat the process of multiplication 
by schizogony. 

The- second typo of multiplication was first described by Hartmann from 
hypertrophied endothelial cells of the lung ; Chagas (426) has since found it 
in the tissues of the body, more especially in the cardiac muscle, central nervous 
system, and striped muscle. In this typo the parasite is intracellular, and has 
the appearance and structure of a Leishmania {cf. Fig. 138), a rounded 
body containing a trophonuclous and a kinctonuclous, but no flagellum or 
undulating membrane. 

On account of its power of multiplication by schizogony, Chagas has made 
T. cruzi tlic type of a special genus, hchizalnj'panum ; the type of multiplication 
observed in the lung-capillaries is not es.scntially different, however, from that 
of T. lewisi in the blood, except for its alleged sexual dimorphism ; and, accord- 
ing to Carini (424), similar processes of schizogony occur in other trypanosomes 
I'lio intracellular multiplication in the tissues, however, recalls strongly that 
of the parasite of kala-azar (see p. 316, infra). Schizotnjpanum thus forms 
an important link between a typical blood-trypanosorno, such as T. lewisi, 
and a tissue-parasite, such as the species of Leishmania, in which the free 
trypanosome- phase no longer exists, apparently. 

Chagas considers the multiplication of Schizotrypanum cruzi in the tissues as 
non-soxual, and serving to increase the number of parasites in the host, but that 
which takes place in the lung- capillaries as a process of gametogony whereby 
the sexually differentiated adult forms are produced. His grounds for this 
interpretation are, first, that in human blood the adult trypanosomes exhibit 
a dimorphism rarely found in guinea-pigs infected artificially, in which also 
schizogony in the lung is stddom observed ; secondly, that the invertebrate 
host, Conorhinus, is always rendered infective if fed dirc^ctly on infected 
human blood, but very rarely becomes infective if fed on guinea-i)igs, even 
when these animals show an intensti infection. Ho suggests that the gn^atcr 
resistance of the human organism to the parasite stimulates tlui produedion 
of s(>xual forms which the trypanosome may cease to produce in a loss resistant 
host. 

In the more familiar pathogenic s|X)cic8, such as T. hrucii, T. gamhiense, 
etc., the development in the vertebrate host takes the form mainly of continued 
multiplication by binary fission simply. Reproduction of this kind may pro- 
ceed until the trypanosomes swarm in the blood ; or, on the contrary, the 
trypanosomes may bo at all times relatively few in number, oven when 
fatal to their host. T. hrucii, for example, may produce in different hosts 
an acute or a chronic form of disease ; in the latter case the infected animal 
may live a long time, and the parasite exhibits very limited powers of multi- 
plication. The behaviour ef the parasite in the natural hosts to which it is 
harmless has not been studied. 

In many pathogenic species, periods of multiplicative activity, during 
which the trypanosomes are abundant, alternate with periods during which 
the parasites pass into a resting condition in the internal organs, and become 
scarce or disappear in the general circulation. In this phase they are alleged 
to lose their flagellum, diminish in size, and become small, rounded “ latent 
bodies, ’ ’ which, according to Moore and Brcinl (484 ), have only a single nucleus ; 
but according to Fantham they are Leishmania hko, with distinct tropho- 
nuclous and kinetonucleus. From resting stages of this kind the active 
trypanosomes are developed again. Laveran (462), however, denies that there 
is a non-flagollated stage of development in the vertebrate host, and considers 
that the elements described as “latent bodies” represent involution-stages of 
the parasites — that is to say, forms which have become deformed in structure 
owing to unfavourable conditions, but not to such an extent as to bo incapable 
of recovery if the conditions improve. 
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In the vast majority of trypanosomes in their natural liosts, sueli as birds, 
fishes, etc., the mode of multiplication and the developmental cyc'le remains 
a mystery, although the sizes of the individual trypanosomes and t iieir numbers 
are observed to vary at different times in the same host, Consitb'rablo light 
has been thrown upon this question by the recent investigations of Maehado 
• upon the multiplication of Trypanosoma rotatornim of frogs, a species le- 
markable for the polymorphism it exhibits. The result s obtained by Maehado 
may be summarized briefly as follows : Trypanosomes of any size may divide 
by binary fission when free in the blood (supposetl “ non-sexual ” roprodm-tion). 
On the other hand, trypanosomes of large size may become rounded, flattened, 
leaf-like forms, losing their flagellum ; such forms undergo a process of 
schizogony in the internal organs, chiefly in the liver or kidneys, .sonu'iimes in 
the spleen, sometimes even in the circulating blood. The kinctonuclcus 
approaches the trophonucleus, and may (1) remain distijict from it, so-called 
“ male ” type ; or (2) may pass into the trophonucleus, in which t he karyo- 
some bleaks up to form a small secondary karyosome ; the kinetonuclear 
karyosomo then fuses with, or becomes closely adherent to, tlu^ sccomlary 
trophonuclcar karyosome — so-called “ fcnjAle ” ty^xi. A multiplication of 
the nuclei then takes }>lace : in the “ male ’’ type by independent divisions 
of the kinetonucleus and trophonucleus ; in the “ female ” typo by divisions 
of the single mass formed by fusion of the kinetonuclear and trophonuclcar 
karyosomes, followed by budding off of small nuclei from tlio originally 
single nucleus. Thus the body of the rounded-off trypanosome becomes 
filled, within its periplast, with nuclei varying in number from five to seven- 
teen ; then round each nucleus (“female ”) or each pair of dissimilar nuclei 
(“ male ”) the protoplasm becomes condensed to form as many mcrozoites, 
which are finally set free by rupture of the periiflast. The mcrozoites of 
“ male ” type develop a flagellum ; in those of “ female “ type the single 
nucleus divides into two nuclei of unequal size, a larger troj)honucl(;us and a 
smaller kinetonucleus, and from the latter a basal granule is budded off 
from which the flagellum grows out (Fig. 30, C). In (uther case tlu! mere- 
zoites (which may divide further after being liberated from the panuit body) 
b(!como transformed finally into the smalh^st forms of trypanosomes, which 
then grow up into the larger forms found in the blood. Machado’s observa- 
tions of fact, apart from his theoretical interpretations, exjdaiii (he many 
different forms found in the frog’s blood, which have recently been studied 
in detail by Lebedow ; compare also Mathis and Leger. 

In other cases there may be three well-marked types of form- long and 
slender, short and stumpy, and intermediate or indifferent forms, as in 
T. gambiense (Fig. 12 ; cf. Minchin, 477, Hindle, 450, Rruce, 405) ; or there 
may be every gradation in size from small to large forms, as in T. granulosvm 
of the eel (Fig. 129) ; or, finally, the trypanosomes may bo practically uniform 
in size and structure, as in T, lemsi after the multiplication-period, T. vivax, 
etc. A satisfactory explanation of the polymorphism has not been found 
in all cases ; the various forms may be in some instances stages of growth 
related to multiplication, as in T. lemsi during the multi plication- jx^riod ; in 
other cases the polymorphism — for example, of T. gambiense— m&y he sexual 
differentiation which is related to the subsequent development in the in- 
vertebrate host ; a third iK)ssibility is that in some cases the propagative 
forms, destined for multiplication in the invertebrate host, are differentiated 
from the other forms found in the vertebrate host, as in T. nochim (Minchin 
and Woodcock, 42). Different explanations must probably be sought in 
different cases. 

2. Tho cycle in the invertebrate host always takes place entirely 
or mainly in the digestive tract, though the extent to which this 
region is invaded varies greatly. In the development of T. lewisi 
in the flea the parasites pass down as far as tho rectum, and there 
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midorgo tlie principal phase of their eycle. In the development of 
the trypanosomes of fresli-water fish in the leech Ilcmiclepm, the 
parasites do not pass farther back than the crop (Robertson, 503). 
Finally, in the many species of patliogenic trypanosomes which are 
transmitted by tsetse-flics of various species, two types of develop- * 
mental cycle can bo distinguished : in the one, the parasite invades 



I' la. 129. Trymmsama gmtmlosum ot the common : four different 
probably stages of growth. After Minchin (478), x 2,000. 


sizes, 


the whole alimentary canal of the fly ; in the other it undergoes the 
greater part of its development in the proboscis and pharynx alone. 

The details of the developmental cycle in the invertebrate host 
arc very inadequately known, and have only been studied in a 
very few instances. As a rule the characteristic form of this 
part of the life-history is a crithidial or trypanomonad type, repro- 
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seiiting the principal multiplicative phase in tlie invertebrate liost ; 
it is a form in whicli tlie kinetoniielcus is placed in front of, or close 
beside, the troplionucleiis, and in which, cons(M|ucntly, the undu- 
lating membrane is confined to the anterior region of the body, 
*and may be quite rudimentary. As a rule the body of tlie trypano- 
monad is shorter, stiffer, more pear-shaped, than in tlu^ typical try- 
panosome-form ; no longer sinuous and flexible, it is lield straiglit 
and rigid in progression, which is effected almost entirely l)y the 
flagellum. In many cases, however, the free flagellum is very short, 
and used to attach the organism to the lining of the digestive tract. 
Besides the trypanomonad form, the developmental cycle may also 
include many other types of form, and often exhibits a degree of 
polyr^orphism which is most bewildering, and compared to whi(!h 
tlie diversity of form seen in the vertebrate host is but slight. 

Taking the development of T. lewisi in the rat-dea as a typical 
example, the parasites when taken up by the flea pass with the 
ingested blood into the stomach (mid-gut) of the insect. In this 
part they multiply actively in a peculiar manner, not as yet de- 
scribed in the case of any other trypanosome in its invertebrate host 
(Fig. 130) ; they penetrate into the cells of the epithelium, and in 
that situation they grow to a very large size, retaining their flagellum 
and undulating membrane, and exhibiting active metabolic changes 
in the form of the body, which in early stages of the growth is 
doubled on itself in the hinder region, thus becoming pear-shaped 
or like a tadpole in form, but later is more bloi;k-liko or rounded. 
During growth the nuclei multiply, and the body when full-grown 
approaches a spherical form, and becomes divided up within its 
own periplast into a number of daughter-individuals, which writhe 
and twist over each other like a bunch of eels within the thin en veloj)e 
enclosing them. When this stage is reached, the flagellum, which 
hitherto had been performing active movements and causing the 
organism to rotate irregularly within the cell, disappears altogether, 
and the metabolic movements cease ; the body becomes almost 
perfectly spherical, and consists of the periplast-envelope within 
which a number of daughter-trypanosomes are wriggling very 
actively ; the envelope becomes more and more tense, and finally 
bursts with explosive suddenness, setting free the flagellates, usually 
about eight in number, within the host-cell. The products of this 
method of multiplication are full-sized trypanosomes, complete in 
their structure, and differing but slightly in their characters from 
those found in the blood of the rat. They escape from the host-cell 
into the lumen of the stomach. 

To the intracellular multiplicative phase in the stomatjh a 
crithidial phase in the rectum succeeds (Fig. 131). In the fully- 
established condition the rectal phase consists of small pear-shaped 
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forms with the flagellum very short, in some cases projecting 
scarcely at all from the body at its pointed end. These forms are 
found attached by means of their flagella, often in vast numbers, 
to the wall of the rectum, sometimes also in the intestinal or pyloric 
region ; tliey multiply by binary fission, and form a stock, as it were, 
of the parasites, which persists for a long time in the flea — probably, 
under favourable conditions, for the whole life of the insect. Experi- 
ments have shown that a flea once rendered infective to rats can 



Fig. Via. -Try panosoma Icwisi: dcvolopniciital phases from ilio stomach of the 
jut-riea. 0, Ordinary form from tho blood of the rat ; A — F, intracellular 
stages : .;1, a try{)ano.somo curled on itself ; Ji, similar form in which tho body 
has become rounded ; C, multiplication beginning, division of kinetonucicus 
and trophonucleu.s, daughtcr-ilagellum growing out ; D, further stage—threo 
nuclei of each kind, two short daughter-flagella, and a long pa rent- flagellum 
wrapped round the body ; E, six nuclei of each kind, five daughter-flagella, 
parent- flagellum wrapped round tho body ; F, eight nuclei of each kind, the 
daughter-flagella running parallel with the parent- flagellum ; 0, the typo of 
trypanosome resulting from tho process of multiplication seen in tho fore- 
going figures ; this is the form which passes down tho intestine into tho rectum. 
Magnified 2,000. 

N.B. — The drawings in this figure and in Fig. 131 are made from prepara- 
tions fixed wet with Schaudinn’s fluid and stained with iron-hoematoxylin ; 
in such preparations tho trypanosomes always appear appreciably smaller 
than in films stained with tho Romanowsky-stain (see Minchin, 4/9) ; con- 
sequently these figures, though drawn to the same magnification as Figs. 11, 
127, etc., are on a slightly smaller scale ; compare the trypanosome drawn in 
0 with those in Figs. W, A, and 127, A. 

remain so for at least three months, without being reinfected. 
From the rectal stock trypaniform individuals arise by a process of 
modification of the crithidial forms, in which the flagellum grows 
in length, the anterior portion of the body becomes more drawn out, 
the kinetonucleus migrates backwards behind the trophonucleus, 
taking with it the origin of the flagellum, and an undulating mem- 
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brane running the length of the body is established. Tlie trypani- 
form individuals thus formed are of small size and broad, stumpy 
form ; they represent the propagative phase which passes ftom the 
flea back into the rat. From the rectum they pass forwards into 
*the stomach, and from the stomach they appear to be regurgitated 
into the rat’s blood when the flea feeds. 

Experiments show that the flea becomes infective to the rat in 
about six days after it first took up the trypanosomes from an 
infected rat. The intracellular phase is at tlie height of its develop- 
ment about twenty-four hours after the fl(^a takes up tlie trypano- 
somes ; the rectal phase begins to be established towards the end of 



Kia. 131. — Try'panosoma lewisi: dovclopmental phases from the rectum of the rat- 
flea. A, Early rectal form ; li, crithidial form attached to wall of rectum ; 
G, D, division of crithidial form ; E, clump of crithidial forms detached from 
wall of rectum, hanging together by their flagella, one of them beginning to 
divide ; F, Q, H, crithidial forms without free flagella ; I, rounded form 
without flagellum ; J, K, L, M, series of forms transitional from the crithidial 
to the final trypaniform type ; N, the last stage in the Ilea. Magnified 2,000. 

the first or beginning of the second day ; and the stumpy, trypani- 
form, propagative phase is developed in the rectum towards the end 
of the fifth day. 

Tho account of the dovolopmcnt of T. Icmsi in the flea given in the fore- 
going paragraphs is based upon investigations, some of them as yet unpub- 
lished, carried on in conjunction with Dr. J. D. Thomson by the author 
(480-482). Some of the phases of tho parasite have also Ixion dc8crilx*fi by 
Swellengrebol and Strickland (517). A number of investigators— namely, 
Prowazek (497), Breinl and Hindlo, Baldrey (396), Rodenwaldt, and others — 
have studied the development of this trypanosome in the rat-louse {Hmmaio- 
pinus apinuloms). Experiments have shown that this insect is also capable 
of transmitting the trypanosome from rat to rat, but only, to judge from the 
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published results, in rare instances, in striking contrast with the ease with 
which the transmission is effected by the rat-llca. The rat-louse may be 
rogarued, thcreforo, as a host in which the trypanosome establishes itself 
kv means as the host to which it is best adapted. 
Lnthidial and other forms have been seen in the louse, but the intracellular 
phase has not been observed, and it is probabhi that most of the forms de- i 
scribed fr<)ni this host ani degenerating forms maintaining a feeble and pre- 
carious existence under adverse conditions, and destined to die otf and dis- 
appear sooner or lati'r. 

The developmental cycle of Schlzotn/jxmum cruzi in the bug Conorhiniis 
megistvs has been described by Chagas,* and is briefly as follows (Fig. 132) : 
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Fra 132. — Phases of Schizotrypanum cruzi iu the bug Comrhinus memstuH. 

transitional from the oixlinary trypanosomes to the rounded 
fnZ! ’ ^ ’ « and / change of rounded into crithidial 

crU U ’ ^ ^ f^jthichal form.s; i, trypaniform type from the salivary 

glands ; cncapsuled form from the intestine. After Chagas (425). ^ 

The trypanosomes taken up by the bug into its stomach change in about 
bke tliny lose their flagellum and contract into rounded, Leishmania- 
ei. Tnd actively by fi.ssion. After a time multiplication 

ceases, and the rounded forms become pear-shaped, develop a flagellum at 
the pointed end, and change into typical crithidial forms which pass on into 
the intestine, and there multiply by fission. In this way the cLracteristic 
condition of the infected bug is produced, with the intestine containing a 
swam of trypanomonad individuals multiplying actively. The final stage 
in the insect is a smal trypaniform type which is found in the body-cavity 
and salivary glands, whence it doubtless passes into a vertebrate host again. 

• ontical summaiy and review of the memoir of Chagas is given bv Minchin 
in Nature, vol. Ixxxiv., pp. 142-144 (August 10, 1910). with three S figJrfs. 
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The three principal phases in the development of T. mizi in th(^ hiijr may bo 
compared, without difficulty, with those of T. lennsi in tlu^ fli'a, though 
differing in minor details ; in both cases an early muKiplicative phase in t lu^ 
stomach is followed by a crithidial phase, also multipli(‘ativc ami constituting 
the principal stock of the parasite, in the hinder part of the digestive tract ; 
,to this succeeds a propagative trypaniform phase, wliich in the easc^ of T. Iciiusi. 
passes forwards to the stomach, but which in the case of T. rriizi a])pears to 
pass through the wall of the alimentary canal into the body-cavity, and so 
into the salivary glands. Other developmental forms have be(Mi described 
by Chagas, but their relation to the cycle of the parasite, if indeed they really 
belong to it, is not ch^ar. 

The devcdo{)ment.al cycle of the trypanosomes of fresh- wati'r fishes in the 
le('ch licnuchp-'iis marginnta (Rolx^rtson, 50*1) begins also by active inidti- 
plication in the crop about six to nine hours after the llagi'llatcs hav(^ been 
ingested. The trypanosomes divide by repeated binary tission of une(|nal 
type, budding off small individuals which are crithidial in type? and multiply 
in their turn. In a few days the crop is populatcel by a swarm of tryi)ano- 
monad forms of various sizes, multiplying actively. Towards the emd of the 
digestion, the propagative phase begins to appear in the form of long, skuider 
trypaniform individuals winch arise directly from the crithidial forms, and 
pass forwards in great numbers from the crop into the proboscis-sheath, 
whence they an? inoculated by the leech into a fix?sh host. A certain number 
of the crithidial forms remain behind in the crop, however, where during 
hunger- periods they may pass into a resting Lcishniania-Umn ; when tin? 
crop is again filled witli fresh blood, these forms begin to multii)ly again, 
repopulating the crop with crithidial forms, from which a fresh batch of 
trypaniform propagative individuals arise towards the end of digestion 
again. 

In the development, of T. ram in the leech Pontohddla murimta (Robertson, 
500, 502), the ingested trypanosomes multiply in the crop in a similar maniu'r 
by unequal binary fission, budding off small individuals which, how(?ver, are 
round(!d and hiishrnanial in type, and which pass down from the crop into tin? 
intestine, where they develop a flag(?llum, become crithidial in type?, and 
multiply actively. During hunger-periods they lK?comc leishmanial, resting 
forms which persist when all other forms have succumlx?d and died out, becom- 
ing crithidial again when the supply of food is renewed. From the crithidial 
forms arise the long, slender trypaniform individuals of the propagative })has(?, 
which pass forward into the proboscis to be inoculated into the? fish. The 
development of T. vittatce, from the blood of the Ceylon tortoise?, Emyda vdtaUi, 
in the leech Glomplionia sp., is of a similar tyix?, but takes place almost entiiX'ly 
in the crop (Robertson, 501). 

The development of T. gamhiense in the ts(?t8e-fly, Qlossina palpalis, so far 
as it has b(?en described by Kleine (457), Kleine and Tautc (459), and Bruec? 
and his collaborators (415), presents some peculiar features not quite inbdli- 
gible at present. The whole development takes a long time, about eighteen 
to twenty-five chiys or more, a fact which, together with the low percentage? 
of flies which become infected, accounts for the existence? of a de?vele)pmental 
cycle having been missed by se) many investigators, until it was first dis- 
covered by Kleine. From five to seven elays after the infection of the? fly the 
trypanosomes disappear or become scarce in its digestive? tract, inelieating, 
possibly, an intracellular stage yet to bo discovered. Later, in a small 
percentage of the flics, the trypanosomes reappear in the digestive? tract in 
enormous numbers. The flagellates at this stage vary greatly in size, form, 
and appearance, but crithidial forms arc stateel to be very rare, a feature 
in which the development contrasts with the usual type seen in other trypano- 
somes. Finally an invasion of the salivary glands takes place, though in what 
way it is brought about is not clear ; short, stumpy trypaniform individuals 
are found in the glands, which represent the ripe, propagative phase destined 
to be inoculated into the vertebrate host. These ripe forms first make their 
appearance, according to Kleine, in the intestine. 
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In many species of trypanosomes transmitted by tsetse-flies, a peculiar 
mode of development occurs, as already stated, in the proboscis, termed 
by Roubaud, who discovered it, a cvlture d'attmte. The trypanosomes 
taken up from the vertebrate change very rapidly into trypanomonad 
(“ leptomonad,” Roubaud) foims, with the kinetonucleus far forward, and 
attach themselves by th(^ tip of the flagellum to the wall of the proboscis tube. ■ 
In this situation they multiply in the salivary fluid by binary fission, until 
great numbers are pn^semt. In some eases this culture in the proboscis ajipcars 
to bo the solo form of dovelopmental eyclo in the fly, as, for oxamphi in 
T. cazalhoui (Roubaud, 506, Bouffard), T. vivax (Bruce, 411, iii.) ; this type 
is termed by Roubaud hohdion par fixation directe. In other species 
(T. dimorphm, T, pccaudi) the parasite multiplies first in the digestive tract 
of the fly, and then spreads forward into the proboscis— par fixation 
indirecte of Roubaud ; in this case, however, the possibility does not seem 
to be excluded that the forms seen in the digestive tract may have belonged 
to the developmental cycle of a distinct trypanosome. Development of this 
kind has only been observed in tsetse-flics. 

According to Bouffard, T. cazalhoui can be transmitted mechanically by 
Stomoxys, but goes through its developmental cycle only in the proboscis of 
Olossina palpalis ; Stornoxys may therefore cause epidemics of the disease 
(“souma”), but endemic areas are always in regions where 0. palpalis 
occurs. The tsetse-fly is not infective until six days after first feeding on an 
infected animal, and it then remains infective iwrmanently, or at least for the 
greater part of its existence. Hence the proboscis -cycle is a rapid develop- 
ment, comparable, as regards the time it requires, to that of T. lewisi in the 
flea rather than to that of other trypanosomes in the digestive tract of the 
tsetse. 

Finally,* mention must bo made of the cysts of T. grayi, described by 
Minchin (476), occurring in the hind-gut of Olossina palpalis. The cysts result 
from the cncystment of a crithidial form, and arc very similar to the cysts of 
Herpetomonas, described by Prowazek (Fig. 124), from the hind-gut of the 
house-fly ; their mode of formation indicates that they are destined to pass 
out of the rectum to the exterior with the fmces, and Minchin has suggested 
that a contaminative method of spreading the infection may occur in addition 
to the usual inoculative method. The possibility must be reckoned with, 
however, that the cysts in question may be part of the cycle of a distinct 
flagellate parasite, perhaps peculiar to the fly alone, and may not belong at all 
to the life-cycle of T. grayi, which has now been shown to bo the developmental 
form of the trypanosome of the crocodile {cf. Cystotrypanosoma, Roubaud, 
557 ’5) . According to Kleino and Taute, trypanosomes, not encysted, may 
bo found in the freces of infected tsetses. 

Apart from tlio somewhat aberrant development of the members 
of the brwen-group, wliich require further clueidation, the cycle 
of a trypanosome in the invertebrate host appears to consist typically 
of three principal phases : (1) An initial multiplicative phase, which 
may be trypaniform, as in T. leivisi, or Leishmania -like, as in 
T. cruzi, or may take the form of unequal division of largo trypani- 
form individuals to produce either small crithidial forms directly, 
as in fish-trypanosoraes in the leech Hemiclepsis, or rounded 
Leishmania-iorms which later become crithidial, as in T. raics 
and T. vitiacet ; to this initial phase succeeds (2) a crithidial phase, 
which may pass farther down the alimentary canal, and which in any 
case multiplies by fission and constitutes the principal stock of the 

* The dovolopracnt described by Schaudinn (132) for T. noctuoe is dealt wth in 
a subsequent chapter (p. 390). 
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parasite, keeping up the infection of the invertc^brato host. In 
liungcr-periods the flagellates may persist as simple, rounded, 
Leis1mania-\i\i(i forms. Sooner or later many, it may be the greater 
number, but not all, of the erithidial forms become modifled into tlu^ 
•trypaiiiform individuals, which represent (3) the propagative phase 
of the parasite, and pass forwards to be inoculated into tlu? verte- 
brate host. Those erithidial forms whicli do not become trans- 
formed into the propagative individuals remain to multiply and 
replenish the stock. 


A very much debated question in this devclopniciit is that relatinf>; to llu^ 
occurrence of sexual phases and syiigamy, whicli, purely on (he analogy 
of the malarial parasites, are assumed almost universally to occur in tlie 
iiivortcbrato host. Not in a single instance as yet, however, has (lui siixual 
act been proved satisfactorily to take place in the development of trypano- 
somes. The fertiliziition described by tSchaudinn (132) in “7'. noctuw'' is 
the well-known conjugation of Ualkridium, which can be obsi^rvi'd without 
difficulty ; and though Schaudinn described so-called “ male ” and “ female ” 
types of trypanosomes in the mosquito, he expressly stated that they did not 
and could not conjugate. The process of syngamy described by flrowazek 
(497) for T. Icwisi in the rat-louse, though “confirmed” by Jialdrey (390), 
Gondcr (44fi’5), and Kodeiiwaldt, is almost certainly the agglomeration of 
degenerating forms (Swcllengrobcl, 510 ; compare Keichenow, 78, p. 208). 
Less biassed investigators, who have studied the developmenlal cycle of 
trypanosomes with great care, such as Chagas, Robertson, and others, have 
been quite unable to observe sexual processes of any kind. The liability to 
error in tho interpretation of observations is greatly increased, lirst by the 
fact that trypanosomes divide longitudinally and often une<iually, secondly 
by tho phenomena of agglomeration (p. 128), which occur readily under un- 
favourable conditions, Conseciucntly the adhesion together of two try[)aiK;- 
sonics may be due to quite other causes than sexual affinity. In some cases 
the alleged occurrence of syngamy has been bjksed merely on the fact that 
non- flagellated forms have been seen, which, on tho analogy of the malarial 
parasites (p. 362), are termed “ ookinetes ” and interpreted as zygotes. 

It is certainly remarkable, in view of the paucity of data, that so many 
investigators, following Schaudinn’s lead, should ixu'sist in ascribing all form- 
differentiation in trypanosomes to sex, and should be unable, apparently, to 
conceive of any other cause of polymorpliisin in parasites which have to ada{)t 
themselves, in the course of their life-cycle, to a great diversity of conditions 
(compare also Doflcin, 430). It must be emphasized that the only true 
criterion of sexual polymorphism is .sexual behaviour, ipid until that has been 
established it is premature to speak of sexual differentiation. 

Some investigators have upheld tho unfashionable view that the syngamy o 
trypanosomes occurs in tho vertebrate host ; so Bradford and Plimmcr, «in( 
more recently Ottolenghi, who has described in T. brucii, 1. cquinumf 
T. gambiense, and T. equiyerdum, the following process of sexual conjuga ion . 
Two trypanosomes of very different size and apiiearance attach themse ves 
to one another by their hinder ends. One, regarded as the microgame , is 
more slender, and contains one trophonuclcus or a larger nucleus of iis m 
and two smaller (reduction-nuclei) ; the other, the macrogameto, is mucli 
larger, and contains also a larger nucleus near the kmetonucleus am ^o oi 
more other nuclei in process of degeneration. The macrogameto also lias 
usually three, sometimes two or four, flagella and undulating 
After the two gametes have united by their hinder ends, a sma nu * 
budded off from tho principal nucleus of the micropinetc, passes over in o the 
body of the macrogamete, and fustis with its principal nucleus, feu st.q t y 
the microgamete appears to degenerate, and tho fertilized macrogameto to 
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divide up into irypanosoiiios of the ordinary type. Those who consider that 
syngainy can only oceiir in the inverttsbrate host will doubtless regard the 
process described by OttoliMighi as phenomena of agglomeration and de- 
generation. In the pn'sent state of our knowledge, however, it is best to keep 
an open mind on this question, and to await further investigations. 

In T. gamhinise, Moore and BreinI (484) have described a process of fusioi> 
between tlui kinetonucleus and ti'ophonucleus in the formation of the “ lat(mt 
bodies,” and have inti^rprctcd this as a sexual process, a suggestion hardly 
to be taken seriously. A similar process alleged to occur in tlu^ multiplication- 
forms of T. lewisi lias been interpreted by Schilling as the inevitable autogamy. 

All that can be said at present, with regard to sexual processes in trypano- 
somes, is that, on the analogy of otlu^r Protozoa generally, syngamy may bo 
expected to occur in some part of the life-cycle. It remains, however, for 
further research to establish delinitely the conditions under which syngamy 
takes place, and the nature of the process in these organisms ; nor can it bo 
considered as sound reasoning, in the absence of concrete observations, to at- 
tempt to limit the possible occurrence of syngamy, or to infer the exact form 
it takes, either by analogie^s more or kvss far-fetched with one or another 
group of Protozoa, or by the mere existence of form-dilTerentiation, and still 
less by the arbitrary interpretation of certain forms as zygotes or ookinetes. 

A very variable feature in the development of trypanosomes is the sus- 
ceptibility of the invertebrate host. In the case of T. kwisiy only about 
20 per cent., approximately, of the llcas fed experimentally on infected rats 
become infective in their turn, and in the case of tscdse-llies and pathogenic 
trypanosomes the percentage is much smaller. There are also grounds for 
suspecting that a certain condition or phase of the trypanosome in the blood 
of the vertebrate is sometimes necessary for establishing the devidopmental 
cycle in the invertebrate ; compare the observations and conclusions of Chagas 
with regard to ^Schizotryjmnmn cruzi, mentioned above (p. 29(5). In Trypano- 
soma n()clu(B the summer form which appears in the blood is of a type distinct 
from the winter forms found in the bone-marrow (Minchin anti Woodcock, 42). 
On the otlier hand, in the case of the trypanosomes of fresli- water lishes, Robert- 
son (503) found that every leech became infecttKl tliat was fed on an infected 
fish ; so that the simplest method of determining whether a fish was infected 
was to feed a newly-hattdied Herniclepsis on it. 

A (question often discussed is whether trypanosomes in any part of their 
development may pass through “ ultramicrosct>pic ” stages. Schaudinn (132) 
expressed the opinion that some stages of trypanosomes investigated by him 
were small enough to pass through bacterial filters ; though he did not put 
this suggestion to an experimental test, it is often quoted as a proved fact.* 
Moore and Breinl (484) also asserted, without experimental tlata, that infected 
blood remained infective after filtration. On the other hand, attempts by 
Bruce and Bateman to obtain experimental verification of these statements 
gave negative results (compare also Report XL, p. 122, of the Sleeping Sickness 
Commission). 

Recently it has been asserted by Fry that T. hrucii can throw off granules 
which, when liberated, possess a certain motility of their own in the blood ; 
this process is regarded as “ essentially of a vital and not a degenerative 
nature.” That a trypanosome or any other living cell might excrete grains 
which when sot free could exhibit movements due to molecular or other 
causes is highly probable ; but that such grains represent a stage in the life- 
history of a trypanosome is far from being so ; nor can analogy with spiro- 
cluetcs be considered as a legitimate argument in favour of any such con- 
clusion. 

There remains for consideration the development which trypanosomes 
undergo in artificial cultures, in which they exhibit a series of forms quite 
tlifferent from those seen in the blood of the vertebrate, and so far resem bling 
the cycle in the invertebrate host in that the predominant phase is a crithidial 

* It is doubtful whether the forms of which Schaudinn made this statement were 
really trypanosomes or spirochaetes. 
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or trypanornonad type of flagellate. LJiitil the cultural devclopineiit of a 
trypanosome has been compared in detail with its natural dev(‘lopmeut in 
the invertebrate host, it is impossible to estimate precisely the bearing of the 
cultural series of stages from the ix>int of view of the physiology and mor- 
phology of the parasite. The only investigator who has attempted this is 
•Chagas (425), who found in cultures of Schizotrypanmn cruzi the sarm^ three 
principal phases -namely, rounded, crithidial, and trypaniforrn — that occur 
in the natural (iycle, and in the same order of 8e(picnce. At present, therefore, 
it would be unprofitable to discuss in detail the scries of forms occurring 
in artificial cultures, and it must suffice to refer the reader for further infor- 
mation to the principal works on the subject, namely, those of Novy and 
McNcal (489), Bouet, Franca (438, 443), Rosenbiisch, Thomson (525), Wood- 
cock (527), Lebedew, and Dotlein (431). As already pointed out above, the 
cultural method is often of the greatest practical value in dct(wmining whether, 
in a given case, an animal is infected with trypanosomes or not. 

Lebedew has described what he believes to be syngamy in tlui cultural 
phases of T. rotatorium ; compare also the account of Leishmania below 
(p. 319). 

Tho genus Trypanosoma comprises a vast number of species, 
parasitic in the blood of animals throughout tho vertebrate series ; 
and several attempts have been made to subdivide and classify 



Fio. 133 . — Endotnjpamim schaudinni from the blood of Chola;pus didaclylus. 
A~E, Various forms of tho intracorpuscular parasite ; F, trypanosome 
from the blood of the same host. After Mesnil and Brimont, magnified about 
1,600 diameters. 


this comprehensive genus into smaller groups. Such attempts 
have either taken the course of .splitting off particular forms, char- 
acterized by some special peculiarity, from the main group, or of 
subdividing the group as a whole on some principle of morphology 
or development. An example of the first method is the foundation 
by Chagas (425) of the genus Schizotrypanum, as already mentioned, 
for T. cruzi, on the ground that it multiplies by schizogony and 
possesses intracorpuscular phases. The genus Endotrypanum was 
proposed by Mesnil and Brimont for a peculiar form which was 
discovered by them within the red blood-corpuscles of a sloth 
{Gkolcepus didactylus), and which is very probably an intracorpus- 
cular phase of a trypanosome found free in the blood-plasma of 
the same host. The life-cycle of Endotrypanum is not yet known. 
Chagas considers it not improbable that it should be placed in the 
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same genus as T, cruzi, in which case the name Endolryfaiium has 
the priority over Schizotrypanum. In tlic present state of know- 
ledge, data are lacking for deciding how far it is possible to employ 
either multiplication by schizogony or an intracorpuscular habitat 
as characters for defining genera of trypanosomes. An intra-' 
corpuscular habitat is probably commoner in trypanosomes than 
has usually been supposed. It has been described quite recently 
by Buchanan in T. brucii. 

Attempts to subdivide the genus Trypanosoma as a whole have 
been based on the possibility that the trypanosome- typo of structure 
may have had two distinct phylogenetic origins, one through 
Leptomonas and Grithidia from a ccrcomonad ancestor, the other 
through Trypanoplasma from a heteromastigoto or Bodonid type. 
The tryi)anosome-form might be imagined to have arisen from 
cither of these two typos. It could be derived from a form like 
Trypanoplasma by loss of the free anterior flagellum, in which 
case the flagellum of a trypanosome is to bo regarded as posk^rior ; 
on the other hand, if, in a form like Leptomonas, the kinetonucleus 
and with it the origin of the flagellum, be shifted backwards to the 
neighbourhood of the trophonucleus, and if at the same time the 
flagellum runs forwards along the body connected to it by an un- 
dulating membrane, a Griihidia-lihi form results, from which, by 
still further displacement backwards of the kinetonucleus and 
flagellum to near the posterior end of the body, a trypanosome- 
form is produced in which the single flagellum is to bo regarded as 
anterior. It is therefore conceivable that the trypanosome-form 
may comprise two morphological types, structurally indistinguisli- 
able, but entirely different in origin, and opposite in morphological 
orientation of the body. 

From this point of view, Woodcock (395) subdivided trypano- 
somes into two genera ; Trypanomorpha, with ccrcomonad ancestry 
and flagellum morphologically anterior ; and Trypanosoma, in a 
restricted sense, with heteromastigote ancestry and flagellum 
moi’phologieally posterior. The genus Trypanomorpha included 
only one species, T. noctuoe of Athene noclua ; all other species of 
trypanosomes were left in the genus Trypanosoma sens, strict. 
Liihe put forward a classification based on similar conceptions with 
different interpretations, and proposed three genera of trypano- 
somes : Hcematornonas (Mitrophanow) for the trypanosomes of fresh- 
water fishes believed to have a heteromastigote ancestry ; Trypano- 
zoon for the trypanosomes of mammals, such as T. lewisi, T. brucii, 
etc., regarded as having a cercomonad ancestry and an anterior 
flagellum ; and Trypamsoma sens, strict, for the trypanosomes of 
frogs and reptiles. T. noctuce, on the other hand, he regarded, in 
agreement with Schaudinn (see p. 390, infra), merely as a develop- 
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mental sta^o of Ilannoprotms. Although, however, it is quite 
possible tliat some trypanosomes may liave a heteromastigote 
aneestry, all tlve developmental faets Inthtu-to diseovenid indicate 
a cereomonad aneestry with a single anterior flagellum, and tliere 
*is no concrete evidence of a heteromastigote origin for any specnes 
that has been studied up to the present. Trypanoplasms, so far 
as they l\ave been studied, preserve their biflagellate, heteromastigote 
type of structure throughout their development in all active phases, 
and never pass through a trypaniform or crithidial phase. Try- 
panosomes, on tile other hand, show constantly a crithidial phase 
in the invertebrate host, but have not been observed in any case 
to be heteromastigote or even biflagellate, except tem^xirarily during 
division, in any phase of the life-history. (Consequently, attcmipts 
to subrlivid(^ trypanosomes on a morphological or phylogenetic 
basis must be regarded at present as premature (compare also 
Laveran, 461). 


II. Tpie Genus Trypanoplasma. 

The peculiar distribution and occurrence of the species of this 
genus has been pointed out above. Driginally founded for forms 
parasitic in the blood of fishes, it now comprises a somewhat 
heterogeneous collection of species, some of which were formerly 
referred to other genera of Flagellates. Of recent years, the 
number of species known to bo parasitic in invertebrate hosts has 
increased, and is increasing rapidly. Such are T. (“ Trypano- 
phis ”) grohbeni, found in the gas tro vascular system of Siphonophora 
(Keysselitz, 453) ; T. (“ Bodo ’’) helicis, from thereccptaculumscminis 
of Helix pomatia and other snails (Friedrich) ; T, dendrocodi, from 
the digestive tract of Dendroccdum lacteum (Fantham and Porter, 
P.Z.S., 1910, p. 670) ; T. vaginalis, from the female genital organs 
of leeches (Hesse, G.R.AM., cli., p. 604) ; and T, gryllotalpce, from 
the end-gut of Gryllotalpa vulgaris (Hamburger). These examples 
show that the genus, as at present defined, is of widespread occur- 
rence. It may be doubted, however, if the various species described 
should all be placed together. 

The species of Trypanoplasma parasitic in blood are only known 
as yet from fresh-water fishes ;* they have an alternation of hosts, 
being transmitted by leeches. The life-history of the intestinal 
trypanoplasms has not been investigated, but in all probability they 
have but a single host, which acquires the infection by swallowing 
accidentally their cysts or other resting stages passed out from a 

* The “ Trypamplaama ” stated by Bruce and his colleagues (412, pp. 495, 496) 
to occur in the blood of birds and in tne digestive tract of tsetse-llies was in reality 
a Leucocytozoon. 
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former host. T. helicis, according to Friedrich, passes from one 
snail to another moclianically in tlio spormatophorcs during coitus. 
The following account refers mainly to the blood-inliabiting sp(H*.ies : 

The body of a trypauoplasm is relatively broad(U' and shorter, 
less sinuous and seip(‘.ntino, than that of a trypanosome, and is • 
at the same time softer and more plastic, being limited by an 
extremely thin perijdast. Tlie contractile, often slightly metabolic, 
body yields readily to pressure, and exhibits in consefiuenco 
passive form-changes when moving among blood-corpuscles or 



other solid particles. The principal structural feature is the 
possession of two flagella, which arise close together at the anterior 
extremity from a pair of blepharoplasts or diplosome, or from a 
single basal granule (Martin). One flagellum projects freely for- 
wards ; the other turns more or less abruptly backwards, and passes 
down the side of the body at the edge of an undulating membrane 
to the hinder end, beyond which it projects freely backwards to 
a variable extent in different species. In T. gryllotalpce the un- 
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diilating mcmbrano only extends along two-thirds of the Iciigtli of 
the body, after wliieh tlie posterior flagc^llum beeoinos free. The 
kinetonneleus, situated at the extreme anterior (uul of the body 
is relatively very large, usually exc^eeding the tioplionucl(‘us \n 
•size, and is sometimes constricted into two or three portions, but 
is generally a compact mass which stains deeply in preparations. 
Tn T. helicis, acjcording to Jollos, it is prolonged backwards into 
fibrils, usually two in numbe^r, which extend some way down the 
body, and arc probably comparable to an axostyle. The tropho- 
nucknis has a vesicular structure with a conspicuous karyosorno. Its 
position in the body varies, being in some species close behind the 
kinetonneleus, in others near the middle of the body. It often 
appears to be lodged completely in the undulating membrane, which 
in this genus is often very broad and less sharply defined than in a 
trypanosome, appearing as the border of a flattened body. The 
cytoplasm freipiently contains numerous “ chromatoid grains.” 

Trypanoplasms in the blood of fishes often exhibit markinl 
polymorphism, with two extremes of size, small and largo (Fig. 131, 
B, C). According to Keyssclitz (454), the large foiins are the 
gametes which conjugate in the leech, and are distinguishable as 
male and female forms, but the statement re({uires confirmation. 
From the investigations of Robertson (503) on the dc^velopmcnt, 
it appears more probable that the largo forms are simply full-grown 
individuals, ripe for multiplication by fission. Unfortunately, 
next to nothing is known of the reproduction of the parasites in 
the vertebrate host, though it has been observed that their numbers 
are subject to considerable fluctuations, and that a fish showing 
at one time a very scanty infection of the blood may have a 
“ relapse,” and appear later well infected. Kcysselitz accuses 
these parasites of pathogenic i^ropcrties, but this charge is founded 
on observations on fish in captivity, in which weakened powers of 
resistance may lead to abnormal activities on the part of the parasite 
(compare also Neresheimer). 

The development of blood - trypanoplasms in the invertebrate 
host, winch is in all known cases some species of leech, appears to be 
of a comparatively simple type as compared with that of trypano- 
somes, and consists of little more than rapid multiplication by 
binary fission to produce a swarm of relatively small trypano- 
plasms, some of which, more slender and elongate in form, pass 
forwards into the proboscis, and are inoculated by the leech into 
a fish. Conspicuous in this development, as compared with that 
of trypanosomes, is the entire absence of any uniflagellate forms, 
crithidial or other. So long as a trypano plasm is in an active state, 
it is invariably biflagellate. Resting forms without a locomotor 
apparatus may occur. In T, helicis, Friedrich describes winter 
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forms with a single niioloiis, wliioh is in some cases the tropho* 
nucleus, in otliers the kinotonucleus. 

The accouiita j/iven of tlie process of division arc somewhat conflicting. 
According to Martin, division of T. con<jfri is initiated by the division of the 
single basal granule of the flagella, followed by splitting of each flagellum * 
longitudinally. Next the trophonuclcus divides amitotically, the karyosomo 
becoming first drawn out into a band, after which the nucleus as a whole is 
constricted into two. Lastly the kinetonucleus becomes elongated, and 
divides simply by a transverse constriction into two pieces. Jollos, however, 
following Roscinbuseh’s statements for trypanosomes, affirms that the division 
of both nuclei is mitotic in T. helicis. Ak'.xcielT, on the other hand, denies 
that the kimitonuclcus of Trypanoplasma is a nucleus at all. This author also 
describes a scries of chromatinic blocks at the base of the undulating membrane 
of T. inimtimlis, similar to tho.se seen in Trichomoms (compare Fig. 5). 

Kcysselitz (454) has described syngamy in the development of T. “ borreli ” 
in the leech Piscirola, but the description and figures are unconvincing, and the 
matter requin^s reinvestigation. No other investigators have found sexual 
processes of any kind in trypanoiflasms. 


III. The Genus Crithibia. 



The distinctive structural feature of Criihidia (Fig. 135, A) is 
the relatively short undulating membrane which, with the single 
flagellum, arises in the middle of the body from the vicinity of a 
kinetonucleus situated beside, or in front of, 
the trophonuclcus. The form of the body varies 
from a relatively long, slender type to the short, 
“ barley-grain ” form from whicli the name of 
the genus is derived. 

As already pointed out, the application of 
the name Crithidia as the denomination of a 
genus is involved in considerable confusion 
and perplexity — partly because the distinctive 
morphological characters shade off by imper- 
ceptible gradations into those of trypanosomes 
on the one hand, and leptomonads on the other, 
but still more because a certain number of the 
“ species of Crithidia ” are unquestionably de- 
velopmental stages either of trypanosomes or 
leptomonads, and others are justly suspected 
of being so. In the present state of know- 
ledge, it is . safest to presume that any 
“ Crithidia ” from the digestive tract of a 
blood-sucking insect is a stage of a trypano- 
some from the blood of a vertebrate, until the contrary has been 
clearly established. At the same time the possibility must always 
be taken into account that a blood-sucking invertebrate may 
harbour flagellate parasites peculiar to itself in addition to those 


Fio. 135. — Crithidia 
minuia, Leger, from 
the gut of Tahanua 
tergeatinus. A, Or- 
dinary motile indi- 
vidual; B, G, young 
forms, with flagel- 
lum short or rudi- 
mentary. After 
Linger. 
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which it takes up in vertebrate blood, and tliat in this way stages 
of tlio life-cycle of two or more distinct parasites may be confused 
together. Up to the present, however, no blood-sucking ins(M*t lias 
been proved satisfactorily to harbour flagellate parasites not derived 
•from vertebrate blood. 

After deducting doubtful species of Crithidia, there remains a 
residue which appears to comprise genuine, independent species, 
parasites of the digestive tract of insects. As examples of sueli 
species may be cited C. campanulata, recorded from the digestive 
tract of Chironomus plumosus (Leger, A.P.K., ii. 1903, p. 180), 
from that of the larva of Plychoptera (L6ger and Duboscq) and 
of caddis-worms (Mackinnon, 547) ; C. gerridis, from Gerris spp. 
(Patton, 550 ; Porter, 655) ; and possibly otliers. The life-cycle 
of C. gerridis has been investigated by Patton and Porter. The 
parasit-o appears under two principal phases : an active, flagellate 
phase, which grows to a largo size, and multiplies by fission, 
sometimes very actively, forming rosettes ; and a resting, non- 
flagellate Leishmania - iorm. The flagellate forms may bo free 
in the digestive tract, or may attach themselves to the lining 
epithelium of the gut by their flagella. The non- flagellate forms 
are found in the crop, where they grow into the adult phase, 
and in the rectum, where they become encysted. The flagellate 
phase is found throughout the digestive tract and in the ovaries, 
but has not been observed to pass into the ova The encysted 
forms pass out of the rectum, and infect new hosts by the 
contaminative method. 

IV. The Genus Leptomonas (Herpetomonas). 

The genus Leptomonas comprises typical intestinal parasites 
of insects, especially Diptera and, above all, Muscidm. Several 
species are also known in Hemiptera. They are in most cases 
parasites of the insect alone, having no alternate host, and infection 
is brought about by the contaminative method, so far as is known, 
cysts dropped by one host being accidentally devoured by another. 
But some species are found as parasites of the latex of Euphor- 
biaceas, and in this case an alternation of hosts occurs. The para- 
sites are taken up from the plants by bugs (Hemiptera) which 
suck their juices, and by the agency of the bugs the flagellates 
are inoculated into other plants again (Lafont ; Bouet and Roubaud, 
630 ; Fran 9 a, 637, 538). There can be little doubt that in this case 
the bug is the primary, the plant the secondary host. The plants, 
or the parts of them that are infected by the Leptomonas, suffer 
considerably. The term “ flagellosis ” has been proposed for the 
disease. 
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The distinctive structural features of tliis genus are the possession 
of a single flagellum, arising from close beside a kinetonuclens 
which is placed far forwards in the body, and the entire absence 
of an undulating membrane (Fig. 13G, H ; Fig. 137, d). As already 
stated above, hoAvcver, the application of the names Lr/ptonmias • 
and Ilerpetomonas is much disputed, and the morphological defini- 
tion of the geiiera in {piestion is attended with considerable diffi- 
culties, chiefly owing to the fact that in one and tlie same liost a 
great variety of forms may occur, with regard to which it is not 
possible, in tlie present condition of knowledge, to state witli cer- 
tainty wliether they represent distinct species of flagellates, refer- 
able oven to distinct genera, occurring fortuitously in the same 
liost, or whether they are all merely developmental phases of the 
same species. The following arc the principal forms which may 
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Fio. 13(). — Le.plomonas jacuhm, L(!’‘ger, from the intestine of Nepn rinerea. A, B, 
Monad forms ; C, division of a monad form ; 1), monad form with sliort 
llagellum ; E, F, 0, grogarine-like fonns : B, in division, F, attached to an 
epithelial cell by the rudimentary flagella, which resemble the i-ostm of gre- 
garinc sporozoites. After Leger. 


occur together in the same host : (1) Large, biflagellate individuals 
(Fig. 124, A), often with a distinct pair of rhizoplasts connected 
with the two flagella, the type to which, according to one set of 
opinions, the name Herpetomoms should be restricted, but which 
on another view represents merely an early stage in binary fission, 
with a daughter-flagellum precociously formed ; (2) smaller flagel- 
lates with a single flagellum (Fig. 136, B ; Fig. 137, d), the type for 
which the name Leptomonas is employed by those who regard the 
true Ilerpetomonas as typically biflagellate, while by those who hold 
the contrary view the two genera are ranked as synonyms ; (3) cri- 
thidialforms (Fig. 137, g) ; (4) trypaniform flagellates (Fig. 137, y, k), 
with the kinetonuclcus at the posterior end, and the flagellum 
running the whole length of the body with a more or less distinct 
undulating membrane — the “ leptotrypanosomes ” of Chatton. In 
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addition to these four types of active flagellates, there may occur 
also non-flagellated individuals or with the flagellum rudimentary— 
namely, (5) long “ gregariniform ” individuals (Fig, 136, K—G ; 
Fig. 137, q) and (6) oval or rounded Lm7mum«-forms. 1'he latter 
•may become encysted and function as the propagative stages. If 
the four active forms are all distinct species, one and tlie same host 
may have intestinal flagellates belonging to four different genera ; 
if they are all phases in the development of one species, it becomes 
a subtle point for discussion which of the four forms is to be rcigarded 
as the “ adult ” generic type. 



Fig. 137.— -Flagellates from the digestive tract and Malpighian tubules of Dro- 
sophila confusa. a, h, c, Trypanosoma drosophilw,, tliroo forms, from the 
Malpighian tubules; d — q, various forms of Leptomonm drosophilm from 
the intestine : d, e, f, Icptomonad forms ; q, crithidial form ; h, i, transitional 
fomis from the preceding to j, k, the le])totrypanosome-forms ; m, n, small 
crithidial (“ barley-grain ”) forms ; o, p, forms "transitional from the preceding 
to q, gregariniform individuals attached to the epithelium by a rudimeiitary 
flagellum, the middle one of the three in process of division. After Chatton 
and L6ger (533). 


Not in every case, however, does such complexity of form occur in the 
same host. The development of a typical Icptomonad, such as L. (//.) jaculum 
of Nepa cinerea, as described by Torter (556), is of a comparativtdy simple 
type, like that of Crithidia gerridis described above. Non-flagellat(Hl Leish- 
mania-WkG individuals give rise to flagellates of the true Icptomonad type, 
which multiply by fission; these in their turn pass into a non-flagellated 
condition in the hind-gut, there becoming encysted and being cast out with the 
fcTces to infect new hosts. Prowazek (557) has de.scribod in //. muscoe domes- 
tk(E an extraordinary complication of male and female typ^s— autogamy, 
parthenogenesis of female forms, and “ ethcogcncsis ” of male forms; none 
of these statements can bo accepted as even probable until the weighty super- 
structure of theoretical interpretation is supix)rted by a more substantial 
foundation of observed facts. Many of the stages described by Prowazek, 
especially his so-called “etheogenesis,” represent stages in the development of 
distinct parasitic organisms not belonging to the group Flagellata ; compare 
Flu, Dunkerly. 
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V. TffE Genus LuTSHMANrA. 

Tins genus was founded by Ross to iindudo tw'o human parasites : 
the so-called Leisliman-Honovan bodies, cause of the disease* 
known in India as “Kala-azar” ; and Wright’s bodies (L. tropica), 
cause of boils known by various local names, but termed compre- 
hensively “ Oriental sore.” To these a third species — namely, 
L. injanlu7n—\\i\>^ been added by Nicolle (570), causing a disease in 
children in Tunis, Algeria, and Italy, and found also in dogs, which 
are regarded by Nicolle as the primary host of the parasite and the 
source of the infection in human beings. In all cases the typo of 
parasite found in the vertebrate host is very uniform (Fig. 138) — 
small bodies, usually rounded or oval, contained Avithin cells and 



Fia. 138 . — Lcishmania donovani in cells. A, A macrophage ; B and G, endothelial 
cells containing the parasites (p.) ; n., nucleus of the infected cell. After 
Christophers. 

multiplying by fission (Fig. 139). Eacli parasite possesses two 
distinct nuclear bodies, which the development shows to bo a tropho- 
nucleus and a kinetonucleus respectively. The cells which harbour 
the parasite are mainly, if not exclusively, of two classes— namely, 
leucocytes and endothelial cells ; the latter become greatly hyper- 
trophied, forming the so-called “ macrophages ” (Fig. 138, A), which 
may contain 150 to 200 parasites at a time. L. donovani was 
believed originally to occur also in red blood-corpuscles, and was 
first described as a species of the genus Piroplasma (p. 379). The 
balance of evidence, however, is against their occurrence in the 
haematids. If set free by the disintegration of their host-cell, they 
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arc probably taken up by leucocytes, and in tli('iu they may be 
carried into the general circulation. 

Altliough tJie diseases caused by these parasites are termed 
comprehensively “ leishmanioses,” tlioy are not all of one type. 

*L. donovani produces a systemic disease, very deadly in its ('ITcets, 
and the parasite is found in immense numbers in the spleen, bone- 
marrow, liver, etc. L. infanium is similar in its effects. L. tropica, 
on the other hand, produces a purely local infection, manifested 
in the form of one or more boils on the skin, each of which, accord- 
ing to Wenyon (84), represents eitlicr a single infection by the 
insect, as yet not known with certainty, which transmits the 
disease, or a secondary infection b}^ a house-fly or by the in- 
dividual liimseK from another boil on the skin. The infection by 
L. tropica has an incubation-period of about two months. The 
disease lasts from twelve to eighteen months, and one attack, after 
it is healed spontaJieously, confers absolute immunity for the 
rest of the patient’s life. Corresponding with these differences in 

® © 

A ® C D E 

Fiu. 130. — Leishniania donomnt. A, Three para-sites in the ordinary conililion, 
each showing a larger trophoiiucleus and a smaller kinetonucleus ; li, 0, D, 
stages of binary fission ; E, multiple fission into three parts. After Chris- 
tophers. 

the effects produced by the parasites, there are also slight structural 
differences to be made out in them. L. doiiovmii (Fig. 138) is very 
uniform in shape, being rounded or ovoid ; L. tropica (Fig. 140), 
on the other liand, shows more variety of form, with every transition 
from elongated, narrow forms Avitli one end j)ointed to the typical 
oval body (Row, Wenyon). 

No other stage than that described above is knoAvn from the 
human body ; but it was first disco A^ered by Rogers (576) for 
L. donovani, and subsequently confirmed by other investigators 
for this and other species, that in artificial cultures the parasite 
develops into a typical leptomonad form (Fig. 140). The Leish- 
mania-ioims> in the cultures grow considerably in size, and at the 
same time multiply by fission. The relatively large rounded forms 
become pear-shaped, and a flagellum is developed at the blunt end 
of the body ; finally the organism assumes the typical (‘longated form 
of a leptomonad, with a long flagellum arising close beside the kine- 
tonucleus, which is situated near the anterior end of the body. 
Leishman and Statham have described a further stage in the 
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clovolopment in whioli aleiidcn*, so-called “ sj^irillar ” forms are split 
off from the largo h^ptomoiiad forms. 

there can be little doubt but that the cultural development observed in 
all the s}X!cies of Leishrmnia represents the natural development which the 
panxsite goes through in some inv<Ttebrate host. As regards, first, L. dono- * 
vaniy arguiiKuits have been brought forward incriminating the bed-bug as the 



¥ia. UO.—Leishmania tropica. A, Parasites from the sore, showing different 
forms ; B and C, development in cultures : B, parasites growing and multi- 
plying prior to the formation of the flagellum ; G, adult flagellated leptomonad 
forms, witli a couple probably the result of binary fission ; D, advdt leptomonad 
form; h, similar form with the kinetonucleus dividing; F, 0, stout forms, 
two stag(!s of division ; note the flagella arising direct from the kinetonuclei, 
which are connected by a oentrodesmose, indicating that the centriole is con- 
tained within the kinetonucleus (compare p. 87). A—G, after Row, from 
preparations stained by the Romanowsky method, magnified 2,000 ; D — 0, 
after Wenyon (84), from preparations stained with iron-hajinatoxylin after 
wet fixation. 

transmitting agent, and Patton (573) has found that the parasite goes through 
the same stages of development in the digestive tract of the bug {Cimex rotun- 
datus) as in the artificial cultures ; but Donovan believes the true intermediate 
host in Madras to be another sjiecies of bug, Conorhinus ruhrifasciaim, and 
Wenyon (84) considers that the development in the bug obtained by Patton 
is, like the development in artificial cultures, only an imitation of the develop- 
ment in the true host, and not a proof of transmission by the bug. Basile 
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claims to have transmitted L. infantum by Ileas. In the case of L. tropica^ 
Wenyon points out tliat the sores occur almost invariably on parts of tlio 
person not eo vert'd or ])rotected by clothing, a fact which is strongly against 
the infection Icing ellected by fleas, bugs, or ticks, and indicates that the 
invertebrate host is some biting lly, probably eitlier a s})ecies of mostpiito t)r 
• a sand-fly {Phlehotomus). Experimental evidence of transmission, liowcvt'r, 
is as yet lacking. 

. It is clear from tht^ development that the species of Leishimtnia arc non- 
flagcllatcd phases of a true leptomonad, and it has been proposed by Eogtu’s 
to abolish the gmm Lvishiminhiy and to place the parasitt's jn question in the 
genus JlerpeUmonas. The lifcscycle of a Leishmania is, howcivcr, so dill'crent 
from that of a typical Jlerpdonionas {Lvptmnoruis), which is parasitic sok'ly 
in the digestive tract of an insect, that the genus Leishiminia may well be 
allowed to stand. 

So long as th(5 dcvclojmu'nt is only known from artificial cultures, the 
significance of the “ spirillar ” forms of Lcishman cannot b(5 determined. 
Assuming that they are not merely degenerative forms, they may j)ossibly 
represent the propagative stages in which tlie invertebrate iiost inoculates 
the parasite back into the V(U‘t(d)rale ; tlu; fact that L. donavani causes a sys- 
temic disease rather sugg(*sts that the initial pliase in the vertebrate may be 
a llagellated form whieli is carried all over the body in the circulation, and 
from which the typical Ze/.s/<ma»/a-phase is develo})ed. Anotlu'r possil)le 
explanation of the spirillar forms is that tlu'.y may b(^ gametes, perhaj)s of 
male sex ; but there is no evidence in support of this interpretation <‘ither 
from observation or analogy, since sexual phenomi'iia in lejjtomonads have 
not been obscuve^d. Marzinowsky claims, however, to have observed copula- 
tion of male and female ganudes in cultures of L. tropica. 

Darling has d(>serib<'d under tlu; nanu! ilidopkmna capHulatum an organism 
causing a dis(^ase in human Isdiigs, and believed to be allied to Lcinhmania. 
It is stated to develop flagellated phases in lung-smears. For Toxoplasma, 
refernMl by some to a position m^ar Leishmania, s(>e p. .‘187. “ Lencocytozoon ” 

piroplasmoides, found in (epizootic lymphangitis of liorses in Senegal (Thiroux 
and Teppaz), is possibly a Leishmmiia, but only a single mass of chromatin 
appears to be present in the body, and no llagellated forms were obtained 
in cultures ; possibly, therefore, its proper systematic position is near Toxo- 
plasma. 


VI. The Genus Prowazekia. 

This genus was created by Hartmann and Chagas (02) for P. cruzi, a species 
discovered in a culture from human hoces on an agar-plate in Frazil. Two 
other sixxdes have also been described from human fteees namely, P. ivein- 
hergi, Mathis and Leger (Fig. 141, A and B), and P. asiaiica, Whitmore. 
It would appear, thi^refore, that several species (or possibly a singk; si)eci(‘s) of 
this genus occur in various parts of the world in human fjeces. Martini considers 
P, cruzi to be a cause of human diarrhoia and intestinal catarrh in (Jhina. 
Niigler has described a six^cies P. parva (Fig. 141, C), which is free-living, and 
Dunkorly has found a Prowazekia in the gut of the house-fly. The form which 
Walker has described under the name “ Trypanoplasma ranee ” very possibly 
should be referred to Proivazekia ; it w'as obtained from cultures of the 
intestinal contents of the frog. 

In its structure, Prowazekia resembles the genus Bodo in the heteromastigote 
arrangement of the flagella, and in its nuclear apjjaratus it resembles Tryjmno- 
plasma, with trophonuclcus and kinetonueleus. It differs structurally from 
Tryparuyplasma only in the fact that the backwardly-directed flagi'llum is free 
from the body, not united to it by an undulating membrane ; it bears, in fact, 
the same structural relation to this genus that Trichomastix has to Trkhonmnas. 
Alexeieff (388) denies that the genus is distinct from Bodo, and considers that 
the name Prowazekia should be cancelled ; he identifies P. cruzi with B. edaXt 
Klebs, and P. parva with B. saltans, Ehrenbcrg. 



320 


THE PROTOZOA 


Afftnities and Phytogeny of the Hcemollagellates. — Two opposite 
views have been iield with regard to the origin of theFlag(‘]Iates para- 
sitic in blood and tlieir allies : First, that they have a double origin 
along two distinct lines of descent, some being derived from hetero- 
mastigote, the others from cercomonad ancestors (Woodcock, 
Ooflein, Senn) ; secondly, that the Hicmo flagellates are closely 
allied to certain forms hitherto classed as Haunosporidia (p. 388), 
and form with them a homogeneous group or order of the Flagellata, 
the so-called Jb’nucleata (Hartmann). 

The (question of the Hsemosporidia will be discussed below 
(p. 389). It is suflicient here to deal with the Hamoflagellatcs alone. 
From the general survey of the “ forms ” or “ genera ” dealt with 
in this cliaptcr, it is very evident that Trypanosoma, Crithidia, 
Leptomonas [Herpeiomonm), and Leislmania, are very closely 



Pig. 141 . — A and B, Prowazekia weinheryi, Mathis and I^'cer (473), magnified 
2,400 ; G, Prowazekia parva, Nliglcr (585), magnified about 2,260. 

related to one another. Structurally the first three types shade 
off insensibly into one another, the dividing line between Trypano- 
soma and Crithidia, or between Crithidia and Leptomonas, being 
(piite arbitrary, and far less definite in reality than it appears when 
reduced to words ; while Leishmania is a resting non- flagellated 
l^liase of any of the three. Developmentally the four types, or any 
two of them, may occur as phases in the life-history of a single 
species, so that the selection of a given form as the “ adult ” in- 
dividual, by means of which the generic name is to be determined, 
is also, in many cases, quite arbitrary. Phylogenetically an evolu- 
tionary series can be recognized beginning with Leptomonas, and 
passing through Crithidia to Trypanosoma, of which the central 
feature is the gradual development of an undulating membrane, 
which finally runs the whole length of a more or less sinuous and 
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serpentine body, probably as an adaptation to life and movement 
in a broth-like medium, containing numerous suspended bodi(‘s, 
such as occurs in the gut of an insect, especially a blood-sucking 
insect, or in the blood-fluid of a vertebrate. Leishmania, on the 
other hand, represents an offshoot from the main stem in wliieii the 
resting, non-flagellated phase has become the most prominent stage 
in at least one part of tlie life-cycle. 

On the other hand, the Hmmoflagcllates of the biliagellate type, 
Trypamplasma and Prowazekia, stand sharply apart from tlie 
uniflagellate genera. Tlie orientation of the Ixidy, and of the undu- 
lating membrane, when present, in particular, is entirely different in 
the two types. The development in the invertebrate host of Trypano- 
plasma and Trypanosoma, .r(\spectively, are (piite distinct in typi^ 
neither form passing through any stages whicli suggest the slightest 
affinity with the other. The only feature common to the two types 
is the possession of a kinctonucleus in addition to the principal 
nucleus, and it is questionable to what extent this structure can 
be relied upon to indicate affinity. The large kinctonucleus of 
Trypamplasma is very different in appearance from that of the 
uniflagellate genera ; and, according to Alexeieff (324), it is a struc- 
ture of quite a different order from the cytological point of view. 
Finally it should be remarked that it is only in the biflagellate 
genera that parasitism in the gut of vertebrates is known to occur. 

With regard to the origin of the forms parasitic in blood, two 
theories have been put forward. Leger (545) and Brumpt (380) 
have upheld the view that they were originally parasiU's of tlie 
digestive tracts of invertebrates, as many allied forms still are ; 
that in many cases their invertebrate ho^ts acquired- the blood- 
sucking habit, whereby the intestinal flagellates became accus- 
tomed and adapted to life in blood ; and that, finally, forms so 
adapted passed from the invertebrate host into the blood of the 
vertebrate itself. Minchin (476), on the other hand, suggested 
that possibly the ancestral forms may have been parasites of the 
digestive tract of vertebrate hosts, and may have passed from the 
digestive tract into the blood, whence they were taken up by blood- 
suckmg invertebrates and transmitted to fresh hosts, acquiring 
finally the power of being parasitic upon, and establishmg thcmsel ves 
in, the invertebrate host. 

It must be admitted that all evidence which has accumulated 
of recent years is in favour of the view of Leger and Brumpt, so 
far as the uniflagellate forms are concerned. The types denoted 
by the generic names Leplomonas, Crilhidia, and Trypanosoma, 
form a perfect evolutionary scries, beginning with monogenetic 
parasites of invertebrates and culminating in digenetic blood- 
parasites. From the same stem other forms of parasitism are seen 

21 
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to arise in otlicr directions, as in the digenetic flagellate parasites 
of Euphorbiacese. 

The biflagellate genus Trypanoplasma, on the other hand, com- 
prises species which, like those ot Prowazekia, appear to have been 
primarily parasites of the vertebrate digestive tract, and which 
in some cases have established themselves in the blood and have 
acquired an alternation of hosts (they can hardly be said to have 
an alternation of generations), having become parasitic in an inter- 
mediate host, always, so far as is known, a leech, in which they 
pass through a simple type of development, consisting of little more 
than simple multiplication by fission. Their structure indicates 
affinities with heteromastigote types such as Bodo and Trichomonas, 
common intestinal parasites, rather than with uniflagellate forms. 

The suggestion is, therefore, that the flagellates parasitic in tlie 
blood of vertebrates have two distinct lines of ancestry : the one 
from heteromastigote forms such as Bodo and Trichomonas, origin- 
ally parasitic in the gut of the vertebrate and culminating in the 
genus Trypanoplasma ; the other derived from uniflagellate cer- 
conionad ancestors originally parasitic in the digestive tracts of 
invertebrates, and culminating in the genus Trypanosoma (compare 
also Seim, 358). It must be emphasized strongly, however, that 
any such conclusions are of a tentative nature, and can have no 
finality, but are liable to modification with every increase of know- 
ledge concerning these organisms. 


Bibliography . — For references sec p. 488. 



(CHAPTER XIV 


THE SPOROZOA : I. THE GREGARINES AND COCCIDIA 

Under the eonimoii denomination Sporozoa are grouped together 
a great number of i)ara.siti(3 organisms extremely varied in form, 
strueture, habitat, and lifc-liistory, but of whieli the most general 
tliough not invariable eharaetcristic is that the propagation of the 
parasite from one host to another is effected by means of spores, 
in the primary sense of tlie word (see p. 165, footnote) — that is to 
say, resistant seed-like bodies within which one or mor(3 parasitic 
germs are protected by a firm envelope or capsule, whereby tln^y anj 
(‘iiabled to resist the vicissitudes of the outer world until tlu-y pass, 
in one way or another, into th(3 body of a suitable host ; wIkui this 
end is attained, the spore germinates — that is to say, the contained 
organisms are set free and a fresh infection is started. 

It is very obvious tliat propagation by means of resistant spores 
is a (sharacter very inadequate for diagnosing an extensive group 
of Protozoa. In the first place, many organisms, parasitic 
or free-living, whicli are not included in the class Sporozoa, are 
propagated by im^ans of resistant spores. In tlic second pla(;e, 
many forms included in the Sporozoa do not 2 )roduee resistant s 2 )ores, 
being 2 )roj)agated by methods which render any such phase un- 
necessary. The class tliercfore ceases to be amenable to strict 
verbal definitions, and it is not. surprising that tlie limits 
assigned to it have varied at different times, and are even now 
debated. The class Sporozoa was originally founded by Leuckart 
to comprise two closely allied orders — the Gn^garines and the 
Coeeidia. To this nucleus other groups were added, in particular 
the various forms termed vaguely “ psorosperms — a word 
coined originally by Johannes Miiller to denote the spores of the 
Myxosporidia, but soon extended to other parasitic organisms. 
Thus “ Sporozoa ” and “ psoros 2 )erm 8 ” became jiractically 
synonymous terms, and the class to whicli these names were 
applied became a most heterogeneous assemblage of organisms 

* From tho Greek mange, and ewipfia, a seed, on account of the 

sores and ulcers of the skin of fishes produced by Myxosporidia, and the resemblance 
of their spores to little seeds. 


323 



324 


THE PROTOZOA 


having nothing in common except tlic parasitic habit and the 
adaptations arising from it, more especially the propagation by 
spores. 

The modern tendency is rather to split up this vast assemblage 
into smaller groups, and to abolish the Sporozoa as a primary* 
subdivision of the Protozoa. It is practically certain, at least, that 
the two main subclasses into which it is always divided are per- 
fectly distinct in their origin. The class Sporozoa is retained here 
solely in deference to custom and convenience, and without preju- 
dice to the affinities and systematic position of its constituents, 
a question which will be discussed when the group as a whole has 
been surveyed. 

The life-cycle of a Sporozobn may be started conveniently from 
the minute germ or sporozoite which escapes from the spore, or 
from the corresjwnding stage when spores are not formed. The 
sporozoite may have one of two forms : it may be an amcebula, 
a minute amoeboid organism ; or it may be of definite form, a little 
rod-like or sickle-shaped animalcule (“ falciform body,” “ Sichel- 
keim ”) which is capable of twisting or bending movements, but 
retains its body-form, and progresses by gliding forwards ; for this 
second type of sporozoite the term “ grcgarinula ” has been propose l 1 
in a previous chapter (p. 169). 

The sporozoite, whatever its form, is liberated in tlie body of * 
the new host, and begins at once its parasitic career ; it nourishes 
itself and grows, often to a relatively huge size, at the expense of 
the liost. This phase of the life-history is termed the “ trophic 
phase,” and the parasite itself during this pliase a trophozoite, 
by which term is understood a parasite that is actually absorbing 
nourishment from the host. The trophozoite may be lodged Avithin 
cells (cytozoic), or in tissues of the body amongst the cells (histo- 
zoic), or in some cavity of the body in which it either lies free or 
is attached to the wall (coelozoic). Whatever their habitat, the 
trophozoites of Sporozoa never exhibit any organs or mechanisms 
for the ingestion or digestion of food, but absorb their nutriment 
in aU cases in the fluid state, by osmosis through the surface of 
the body, from the substance of the host ; if pseudo podia or flagella 
are possessed by these parasites, they are never used for food- 
capture, except in so far as pseudopodia, by increasing the surface 
of the body, may augment its absorptive powers. 

The parasite may exhibit multiplicative phases in which it 
reproduces itself actively, so that there may be many generations 
of trophozoites within one and the same host, which may thus be 
quite overrun by swarms of the parasites. Multiplication of this 
kind, which is non-sexual, is known as schizogony ; the trophozoites 
which multiply in this manner are termed schizonts ; and the minute 
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daughter-individuals, products of schizogony, arc termed irnro- 
zoifes, to distingnisl) tlu'm from sporozoites which tlioy may resemhh^ 
closely. Sooner or later, however, the propagative pliase, destined 
to infect new hosts, makes its appearance ; so-called (siu^ 

•p. 330, infra) multiply by sforoijony, which is combined witli 
sexual phases, to produce the sporozoites. The life-ejade of the 
parasite may be passed entirely in one host, or there may b(^ an 
alternation of hosts of different species, with a distinct series of 
phases of the parasite in each. When there is but a single species 
of host, the method of infection of new hosts is usually contamina- 
tive (p, 24), by means of resistant spores and cysts ; when there is 
an alternation of hosts, the infection may bo inoculative (p. 23), 
without resistant phases, as in malarial parasites, or contamina- 
tive, with resistant phases, as in Aggr&jata (p. 353). 

Whether the life-cycle be of simple or complex type, it ends 
with the production of sporozoites, bringing it back to the starting- 
point again ; and in the vast majority of eases the sporozoit(‘s are 
enclosed, one or more together, in tough sporocysts to form the 
characteristic resistant spores. As a rule each spore arises from 
a single spore-mother-cell or sporoblast. 

The Sporozoa fall naturally into two subclasses, which have 
received various names, according as one or another of their char- 
acteristic features has been considered diagnostic. It is best to 
define each sulxdass by a number of characteristics, since none by 
itself is sufficiently distinctive. 

In the first subclass the trophic and reproductive phases arc 
typically distinct — that is to say, the animal becomes full-grown, 
and ceases to grow further, before reproduction begins, hence 
Telosporidia (Schaudinn) ; reproduction takes place usually by 
a process of multiple fission in which the daughter-individuals are 
budded or split off on the outer surface of the parent-body, 
hence Ectosporea (Metchnikoff) ; and the germs or sporozoites 
produced are gregarinulae, hence Rhabdogenia) (Delage and 
Herouard). 

In tlie second subclass the trophic and reproductive phases 
usually overlap — that is to say, the still-growing or even quite 
young trophozoite may begin to form spores, hence Ncosporidia 
(Schaudinn) ; the spore-motlicr-cells are formed by a process of 
internal gemmation, being cut off within the cytoplasm of the 
parent, hence Endosporea (Metchnikoff) ; and the sporozoites 
produced are amoobuloe, hence Amoebogeniae (Delage and 
Herouard). 

Of the three contrasted cliaractcrs by which the two subclasses 
are distinguished, the most absolutely diagnostic is probably the 
form of the sporozoite. The names Telosporidia and Ncosporidia 



326 THE PROTOZOA 

are, however, in more common use than the other names of the 
subclasses given above.* 

The subclass Telosporidia, as mentioned above, includes the 
three orders Oregarinoidea, Coceidiidea, and Haemosporidia. 

i 

Oroer I.— Gregarinotdra. 

The chief characteristics of this order are — First, that the tropho- 
zoites are parasites of epithelial cells in the earlier stages of their 
growth, but in later stages thc^y become (uitirely free from the cells, 
and lie in cavities of the body ; their most frequent habitat is the 
digestive tract, but sometimes they are found in the body-cavity or 
the liaiinococle. The full-groAvn trophozoite is of relatively large size 
and definite form, with a thick cuticle as a rule. In addition to 
these characters, the reproduction and spore-formation, presently 
to be described, are quite distinctive in type, the most diagnostic 
feature being that each spore is the product of a single zygote. 

The Gregarines are an extremely abundant order of the Sporozoa, 
highly differentiated in structure, and comprising a great number 
of species classified into genera and families. They occur most 
commonly as parasites of the digestive tract or body-cavity of 
insects, but also as parasites of other classes, such as Echinoderms 
and Annelids ; in Molluscs they are comparatively rare, and, though 
they occur commonly in Procliordata (Ascidians), they arc not 
known from any class of Vertebrata in the strict sc^nse of the word. 

In the early phases of development, during which the tropho- 
zoite is a cell-parasite, it may be entirely enclosed in the cell, or 
only attached to it by one extremity of the more or less elongated 
body. In the latter case the sporozoite may have the anterior 
end of the body modified into a definite rostrum, by which it attaches 
itself to the host-cell, and from which is developed a definite organ 
of attachment, termed an epimerite (Fig. 142, ep.), often of com- 
plicated structure, and provided with hooks and other appendages. 
When the cytozoic phase is past and the host-cell is exhausted, the 
parasite drops off, shedding its epimerite as a rule. In the earlier 
phase, in which an epimerite is present, the parasite was termed 
by Aim6 Schneider a cephalont (“ cephalin ”), and in the later 
phase a sporont (“ sporadin ”), the original use of this term, now 
applied in a wider sense to denote in this and other orders of Sporozoa 
those individuals about to proceed to spore-formation. The body 
of the Gregarine-sporont always contains a single nucleus, but may 
be divided into partitions or septa formed as ingrowths of the 
ectoplasm, and is then said to be “ septate ” or “ polycystid.” 

♦ The subclass Rhabdogeniao, as instituted by Delago and Herouard, included 
the Saroosporidia, which, however, arc almost certainly true Araoebogenifle. 
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As a rule, in such cases there is but a single septum, which divides 
the body into two parts termed respectivedy frolomcrik and (knlo- 
merite (Figs. 7, 142) ; but in tlie curious genus Tcpniocystu (Lcg(‘r, 
616) there are a number of septa. 


•giving the parasite a superficial 
resemblance to a segmented worm. 

The body of a gregarine consists 
typically of distinct ectoplasm and endo- 
plasm, Th(^ ectoplasm may be further 
differentiated into three layers : an ex- 
ternal cuticle or epkyte, a middle layer 
or sarcocyte, and a deept^r contractile 
layer or myocyte, containing myonemes 
(Fig. 29, p. 58). The epimerite, with 
its hooks and processes, is derivecl from 
the cpicyte ; the septa, if present, from 
the sarcocyte. Tlie endoplasm is usually 
extremely granular, and contains great 
quantities of stored-up food material in 
reserve for the reproductive processes ; 
chief amongst these substances are para- 
glycogen - spherules, extremely charac- 
teristic of these parasites. 

A remarkable feature of gregarines is 
the power possessed, by many spHnes, of 
gliding forward, often at a great pace, 
without any visible organs of locomotion. 
Two explanations have been given of 
these movements: (1) by Schewiakoff, 
that they are duo to extrusion of 
gelatinous fibres from tlu^ hinder end of 
the body, secreted bc^tween the epicyte 
and sarcocyte ; (2) by (yVawley, that the 
movements are produced by contrac- 
tions of the myonemes which are only 
present in motile forms. In motionless 
forms the ectoplasm is very thin, and 
consists of epicyte alone. 

The nucleus of a gregarine is usually 
very large, spherical, and vesicular in 
type, with one or more distinct karyo- 
somes. It is typically single, except in 
the cases of precocious association men- 
tioned below — exceptions, however, which 
are only apparent, since in such cases 
the gregarine represents in reality tw’o 
individuals fused into one. In the 



Fig. 142. — Examples of gregarines 
in the “ cephalont ” condition. 

A, Aciinocejtftalus digacanthus ; 

B, Stylorhynchus longiaMis. ep., 
Epimerite ; pr., protomerite ; d., 
deutomcritc. After Schneider. 


septate forms the nucleus lies in the 

deutomerite normally. In Pterocephalus {Nina), however, a second nucleus, 
which appears to be of transitory nature and to take no share in the repro- 
ductive processes, has been discovered in the protomerito (L<5ger andDuboseq, 
621). The nuclous-liko body observed by Siedlccki in Lankesteria amdim, 
and by Wenyon (84) in L. culicis, occurring at the point of contact of the two 
associated sporonts in the cyst, is perhaps a body of similar nature. The 
nucleus of Callyntrochlamys phronimm is remarkable for being surrounded 
by a halo composed of radiating processes, each a thin tubular evagination 
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of the nuclear membrane (Dogiel, 605) ; as a rule the surface of the nucleus 
is perfectly smooth. 

(■hromidia are staled to occur.in the cytoplasm of some gregarines (compare 
Kuschakowitsch). According to domes, Iboy are scarce in normal individuals, 
but become abundant with over-nutrition ; since ho states, however, that 
they arise in the cytoplasm, it is j)Ossible that they represent grains of tlu^. 
nature of volutin rather than true chromidia. According to Drzewt'cki, 
however, the nucleus of Monocystids may, during the early growth of the 
t rophozoite, break up into chromidia and bo re-formed again, or may throw 
out vegetative (ihromidia which are absorbed in the cytoplasm ; Kuschakc- 
witsch, however, regards this as a degenerative process. 

Przeweeki affirms that StomatopJiora [Monocystis) coromta, from the vcsicul.T 
scminalcs of Phm tima sp,, posse.sses a mouth-opening in a |X^ristome, and an 
anal aix'.rturo, and takes up solid food in the form of the spermatozoa of its 
liost. If so it is quite unique, not only among gregarines, but among Sporozoa 
generally. The ingested spermatozoa arc stated to bo taken up and digested 
by the nucleolus (karyosome). According to Hes.se, the suppo.scd mouth and 
peristome are parts of a suckcr-liko organ of attachment. The alleged 
nucleolar digestion is perhaps a misinterpretation of the extrusion of chroma- 
tinic particles from the karyo.somo. 

The Gregarines are subdivided at the present time into two 
suborders characterized by differences in the life-cycle. In the 
first suborder, known as the Eugregarinte, the parasite lias no 
multiplicative phase, but the trophozoites proceed always as 
sporonts to the propagative phase by a method of reproduction 
(sporogony) wliich is combined witli sexual processes, and leads 
to the formation of resistant spores. In the second suborder, the 
Schizogregarinto, the tropliozoites which arise from the sporozoites 
become sch izonts which multiply for s(^v(Tal generations non-sexually, 
by schizogony, before a geiuu'ation of sporonts (gamonts or gameto- 
cytes) is produced which proceed to reproduce themselves by sexual 
sporogony. Stated briefly, the Eugregarina? have only a propaga- 
tive phase, sporogony, in their life-cycle ; the Schizogregarina^ have 
both a midtiplicative phase, schizogony, and sporogony. The 
sporogony is of essentially the same type in both orders. It is 
simplest, therefore, first to describe the life-cycle of a eugregarine, 
and then to deal with the multiplicative phases of the schizogre- 
garine. The complete life-cycle of a eugregarine may be divided 
into eight phases. 

1 . The sporozoites are liberated from the spores in the digestive 
tract of the host in all cases known, and usually proceed at once to 
attach themselves to, or penetrate into, the cells of the lining 
epithelium of the gut ; but in a few cases the sporozoites pass through 
the wall of the gut into other organs, as does, for example, the 
common Monocystis of the earthworm, which penetrates into the 
vesicula seminalis, and finally into sperm-cells. 

2. In the early cytozoic phase the trophozoite may be con- 
tained completely within a cell (Fig. 143, A, J5,) or merely attached 
to it ; the former condition, speaking generally, is charaeteristic 
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of tlic Acephalina, tlic latter of the Cephalina. In either ease, 
the first ell(>et of the parasite is to produce a liypeiti‘ 0 ])hy, oftc'ii 
very great, of the cell attacked (Eig. 143, B) ; later, lio\vev(‘r, the 
cell atrophies, dies, and shrivels up (Fig. 143, 6’). 

[a] In the Acephalina the intracellular parasite is set free from 
the coll by its dissolution, and, if lodged in the epithelium of the 
gut, may pass out of the epithelium either on its inner side, into the 
lumen of the gut again, or on its outer side, into the bloodvessels 
or body-cavity. 

{h) In the Cephalina the relation of the parasite to the host- 



A B 


Fia. 143 . — Lankesteria ascidm, parasite of Giona inteslinnlin. 

A, Young intracellular stages in the intestinal epithelium; 

B, older intracellular stage ; G, extracellular tropliozoito 
attached by a process of the anterior end of the body to 
a withered epithelial cell, ep.. Normal epithelial cell ; ep. , 
hypertrophied epithelial cell containing ((?.)thc young grega- 
rine ; n., nucleus of normal cell ; n/, nucleus of infected cell. 
After Siedlecki, magnified 750. 



cell varies greatly, and has been studied in detail by Leger and 
Duboscq (618 and 620). The sporozoite may merely prick the 
surface of an epithelial cell with its rostrum (e.f/., Pteroccphalus), 
or may dip a short stretch of its anterior end into the cell 
Pyxinia), or may penetrate so far that the nuclear region of the 
parasite is within the cell (e.g.,8tylorhynchus), or, finally, may become 
completely intracellular (e.g., Stenopliora), Ultimately, in all cases, 
the chief mass of the body of thegregarine j^rojects from, or grows out 
of, the host-cell into the cavity of the digestive tract, and becomes 
the protomerite and deutomcrite in septate forms ; the attached 
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portion of the body develops into an epimerite whicli may acquire 
a large size and a complicated structure. Originally attached to 
one cell, which it destroys, the epimerite may acquire a secondary 
attachment to other cells of the epithelium, which in this case are 
not injured by it, as in Fterocephalus. Ultimately the epimerite* 
breaks off, and the body of the sporont drops into the cavity of 
the digestive tract. In some cases {Pyxinia) the early attached 
stages may free themselves from the epithelium several times, 
and attach themselves again. 

3. Wlien libcrat(Ml from the host-c(;ll, tlie trophozoite grows 
into the adult sporont, which, as its future history shows, is a gamont 
or gametocyte. A remarkable feature of gregarines at this stage 
is the tendency to associate together (Fig. 7), a habit from which 
the name Oregarina is itself derived. In some cases quite a number 
of individuals may adhere to one another in strings ; such associa- 
tions, known as “ syzygies,” are, however, of a temporary nature, 
passing flirtations, as it were, which have no significance for the 
life-cycle or development. On tlie other hand, a true association 
of individuals destined to foiin gametes always, apparently, occurs 
at one time or another in the life of the sporont. In the majority 
of cases, however, the sexual association does not take place till 
the end of the trophic phase, when the sporont is full-grown and 
ripe for reproduction. But in a number of instances the associa- 
tion takes place early in the trophic phase, between quite young 
free trophozoites ; and “ neogamous ” association of this kind may 
lead to almost complete fusion of the bodies of the two individuals, 
oidy their nuclei remaining separate, thus producing the appear- 
ance of a binucleate trophozoite (Fig. 70, p. 128). 

In general, the two trophozoites which associate are perfectly 
similar in appearance, and exhibit no differentiation ; this is so 
in all cases where they pair side by side. In some cases where 
there is an early association end to end — that is to say, where one 
sporont attaches itself by its protomcrite to tlie deutomerite of 
another (Fig. 7, p. 9), as is common in polycystid forms — the two 
sporonts may be differentiated one from the other. In Didy- 
mophye^, for instance, the protomerite of the posterior individual 
disappears ; in Qanymedes the two sporonts are held together by 
a ball-and-socket joint (Huxley). It is not known whether these 
differences stand in any constant relation to the sex of the sporonts. 
In Stylorhynchus the two partners attach themselves to one another 
by their anterior extremities (L6ger, 614). 

4. As soon as growth is completed, the reproductive phases are 
in iated by the formation of a common cyst round the two asso- 
ciated sporonts, which together form a spherical mass (Fig. 144, a). 
The parasite is now quite independent of its host ; it is, in fact, a 
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parasite no longer, and may now be ejected with the fjeces. Tho 
nucleus of each sporont then divides by repeated binary fission 
(Eig. 144, h) into a large number of nuclei, which placi' tin insi'lvi's 
at the surface of tlie body (Fig. 144, c). 

• A question much debated with regard to tlu5 life-Jiistory of gregarines is 
whether a single sporont can encyst by itself, without association with another, 
and then proceed to the formation of spores. Tt has been asserted frequently 
that this can occur, and the suggestion has been put forward that t he differences 
in the size of the spore observed in some species may bo correlated with doulilo 
or solitary encystment. Schellack ((530) has discussed the question in detail, 
and is of opinion that in septate eugregarines solitary encystment either does 
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Fio. 144.— Schematic figures of syngamy and spore-formation in gregarines. 
a, Union of two sporonts in a common cyst ; h, various stages of nuclear 
division in each sporont ; c, formation of gametids beginning (“ pearl-stage ”) ; 
d, stages in the copulation of the gametes : in the left upper quadmnt of the 
figure, separate gametes are seen ; in the left lower quadrant the gametes are 
uniting in pairs ; the right lower quadrant shows fusion of the pronuolei ; 
and in the right upper quadrant complete zygotes (sporoblasts) are seen ; 
c, stages in the division of the nuclei of the sporoblasts, which assume an 
oval form ; a different stage is seen in each quadrant, eight nuclei being 
present in the final stage ; /, cyst with ripe 8ix)res, each containing eight 
sporozoites ; two spores arc seen in cross-section. Modified after Calkins and 
Siedlccki. 

not occur, or leads to nothing if it docs, but that amongst the Acephalina and 
schizogregarines it can take place ; a clear case has been described by Ldger 
in Lithocystis schneideri, parasite of Echinomrdium ; and in Monocyntis 
pareudrili solitary encystment leading to spore -formation is described by 
Cognetti de Martiis. In some sixKues cysts containing three sporonts have 
been seen ; Woodcock also found a specimen of Cysiobia irregvlaris with three 
nuclei. With regard to the differences in the size of the spores, the jxissi- 
bility has to be taken into account that in some cases ( hey may be dovelojied 
parthenogenetically — that is to say, the gametids may each become a spore - 
blast directly, without copulation with another. 
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The first division of the nucleus of the sporont has given rise to considerable 
discussion and has been the object of much study. In the resting state tlie 
sporont-nuclous is a body of relatively huge size, but the first spindle formed 
in the sporont is, like all the subseqiuviit mitos(>s, a minutt; stnicture. 8ome 
authors have believed that the sporont eontains two nuclei, comparable to 
those of Infusoria namely, a very largo macronueleus of purely vegetative^ 
nature, which takes no part in the subsequent development ; and a minut(5 
micronuclous of gtuKirative nature, from which the first and subsequent 



Fig, 145 . — Stages in the formation of a generative nucleus (“ micronucleus ”) 
from the primary nucleus of Pterocephalus {Nina) gracilis. A, Primary 
nucleus showing the fimt appearance of the micronucleus in a clear space ; 
B, disruption of the primary nucleus ; appearance of the mioronucleus in the 
form of a few chromosomes in the centre of a little island of nuclear substance ; 
G, further stage in the formation of the micronucleus ; D, micronucleus com- 
plete with the first oentrosome ; the remainder of the prima ry nucleus in process 
of absorption. After L^ger and Duboscq ( 621 ) ; A magnified 800 , B, G, D, 
1,000, diameters. 

mitoses arise. Recent researches, however — more especially those of Schnitzlcr 
on Gregarina ovata, Schcllack ( 629 ) on Echinomera hispida, L^gor and Duboscq 
( 621 ) on Pterocephalus, Robinson on Kalpidorhynchus, Duke on Metamera, 
and especially Mulsow ( 123 ) on Monocystia rostrata — leave no doubt but that 
the sporont contains a single large nucleus, which consists chiefly of vegetative 
chromatin and other substances, but contains also the generative chromatin, 
relatively minute in quantity in proportion to the whole bulk of tho nucleus. 
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Tlio generative clirornatin may organize itsc;lf into a definite secondary nneleus 
(“micronucleus”) during the break-up of the sporoiit-nucleiis, as in Piero- 
cephalus (Fig. 145) ; or the first spindle arises within the sporonl- nucleus 
before it breaks up, as in G. ovata (Fig. 140) ; or a number of distinct chromo- 
somes are formed in the siioront-nucleus during the process of its disintegrat ion, 
•which pass to the exterior of the nucleus and form tlie e(piatorial plate of a 
spindle of which the achromatinic elements ap^x^ar to arisci cliietly outside tlie 
nucleus, as in Monocysiis rostrata. In either case the first spindle consists 
only of the generative chromatin ; the remainder of the original sporont-nucleus 
is disintegrated and absorbed, or is left over in tlie residual protoplasm of the 
cyst. The statement of Kuschakewitsch, to the effect that the primary 
nucleus of the sporont may break up into a mass of chromidia, from which 
a number of secondary (generative) nuclei are re-formed, has not received 
confirmation in any quarter. 

The mitoses in the sporont arc remarkable, in most cases, for the very 
distinct ceiitrosomos (Fig. 147), which apix)ar at the side of the nucleus before 



Fig. 146. — Two stages in the formation of the fimt division-spindle of Grcyarina 
ovata, showing its origin from a very small part of the primary muhnis. In 
A the spindle is seen within the primary nucleus ; in Ji the spindli; is becoming 
free from it at one point, after which the remainder of the primary nucleus 
degenerates. After Schnitzlcr ; magnification 850 diameters. 

division begins as a grain or a jiair of grains placed at the apex of a “cone 
of attraction” ; in Monocyslis rostrata, however, centrosomes ap|xar to be 
absent. The number of chromosomes in the equatorial plato is usually four ; 
but in Monocystis rostrata the number appears to be eight, and in Flerocephalus 
and the allied genus Echinomera there are five chromosomes, four of ordinary 
size and one largo unpaired chromosome. Unlike the unpaired chromosome 
of Metazoa, that of the gregarincs is present in both sexes ; it gives ri.so, during 
the reconstitution of the daughter nucleus, to the karyosome ; and th(! karyo- 
some is eliminated from the nuclear spindle at the subsequent mitosis. 
The significance of the unpaired chromosome is far from clear, and requires 
further elucidation. 

5. Each of the nuclei of the preceding stage grows out from the 
surface of the body surrounded by a small quantity of protoplasm, 
and thus a great number of small cells are budded off over the 
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whole body of each sporonfc. The small clear cells produced stud 
the opaque body of the sporont like pearls ; hence this stage is often 
spoken of as the “pearl-stage ” (perlage, etc.). The remainder of 
the body of the sporont is left over as residual protoplasm, which 
may contain nuclei, but whicJi takes no further direct sliarc in the'' 
development. Tiic cells that are produced are knovni as the “primarv 



liQ. 147. Stages of nuclear division in the cyst of Pteroccphalus (Nina) nracUis 
a f ’ ''' Sivisioi ortllrnS: 

of the karvosonT F V equatorial plate ; ejection 

h^ also tCZain.’ '"•th the unpairc^l chmmosome on the 

^ remains of the karyosome ; F. diaster-stage, with the unnaired 
chromosome stretching across, the karyosome on the left ; the centrosomes 
have each divided again ; 0, II, later stages of division ; /. J. 

Aoifi ; the uniiaired chromosome forms the karyosome 

After Le^gerandDuboseq (621); magnification of the figures. 1.200 


sporoblasts,” but a better name for them is the gametids, since each 
one IS destined to become a gamete. The amount of transforma- 
tion which a gametid undergoes in becoming a gamete may be 
very considerable, or it may be practicaUy nil. In some cases the 
male gamete develops a special structure, while the female remains 
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unmodified ; in other cases both male and female remain in tlio 
undifferentiated condition of the gametid. For an account of the 
gametes of gregarines, see above (Fig. 79, p. 174). 

Reduction has been described in several cases in the formation of tlie 
*gametids. In the genus Oregarim the nucleus of the gametid dividc's i wicc 
to form two reduction-nuclei (Txiger and Duboseq. 021); I’achlm- and 
Schnitzlcr have also doscribed a reducl ion-division in the garnet ids of Ore- 
garina ovata. In MonocysHs rostraUt, on the other hand, tlio reduction takes 
place, according to Mulsow (123), in the last nuclear division in the sporont- 
body, prior to the budding off of the gamotids. In this case the ordinary 
number of chromosomes is eight, as seen in all the divisions of the nuclei ; 
in the final division the eight chromosomes associate to form four pairs, ihom 
of each pair being in close contact, but not fused ; in the mitosis that follows 
one chromosome of each pair goes to each jwlc of the spindle, thus reducing 
the number of chromosomes in each gamctid-nuclcus from eight to four. 

6. When the gametes are ripe, they copulate in pairs, and 
probably in every case the gametes of each pair arc of distiiuit 
l)arentago. This is certainly the case when the gametes show any 
trac(‘. of sexual differentiation, since those of one s(vx can Ix^ seen 
to arise from one sporont, and of the otlier sex from the other. 
In many cases the two sporonts are separated from one another 
by a partition dividing the cyst into two chambers, in one of which 
the male gametes are formed, in the other tht^ female ; wlum the 

^ gametes are ripe, tlie partition breaks down and pairijig of tin; sexes 
takes place. 

7. Tlie zygote becomes oval or sihndle-shaped, and a mmnbraiuj 
is secreted at its surface to form the sporocyst, which becomes 
an exceedingly tough and impervious envelope, and is gemu’ally 
eom2)osed of two layers — ejnspore and endospore. Within the sporo- 
cyst the nucleus (synkaryon) divides usually three times to form 
eight nuclei, and then the i)rotof)lasm of the sporoblast divides u]) 
into as many slender, sickle-shaped sporozoites, leaving over a 
small quantity of residual jirotoplasm. The sporozoites are usually 
arranged longitudinally in the spon;, with the residual protoplasm 
at the centre. The number of siiorozoites in the sjiore is almost 
invariably eight ; exceptions to this rule are only known amongst 
the sehizogregarines. 

The spores of gregarines differ enormously in different species 
in form and appearance, and often have the sjiorocyst prolonged 
into tails, spines, or processes of various kinds. Various mechanisms 
may be developed for liberating the spores from the cyst ; for 
instance, in the genus Gregarina [Clepsydrina) the cyst is providt^d 
>vith sporoducts, and the residual protoplasm derived from the 
sporonts swells up when the spores are ripe, and forces them out 
through the sporoducts in long strings, 

8. The ripe spore with its contained sporozoites passes out of 
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the body to the exterior. Usually it passes out per anum with the 
faeces, but when the spores are formed in some internal organ of 
the body, as in the Mmiocystis of the earthworm, it may be necessary 
for the host to be eaten by some other animal, which then scatters 
the spores broadcast in its faeces. In all cases, so far as is known,, 
the new host is infected by the casual or contaminative method, 
and in its digestive tract the spores germinate and liberate tlio 
sporozoites. In the case of Cystobia minchinii, parasite of Cucu- 
maria, it is extremely probable that the host accpiires tlie infection 
by taking up the spores per anum into its respiratory trees, where 
the spores germinate (Woodcock). 

The scliizogony characteristic of the schizogregarines takes 
place during either the second or third of the phases described in 
the foregoing paragraphs, in trophozoites derived from the sporo- 
zoites by growth, and it takes various forms which cannot be 
described in general terms ; a few examples must suffice. 

1. Selenidium caullenji (Fig. 148) : The sporozoite penetrates into a cell 
of the intestinal epithelhim, and grows to a large size, remaining uninucleate. 
When full-grown, the intracellular parasite gives rise? by a process of multiple 
lission to a great number of motile morozoites which penetrate into epithelial 
colls, grow, and finally become free sporonts. The schizogony of Merogre- 
garina amaroucii (Porter) is of a similar type, but fewer nierozoites are produced 
by the schizont. 

2. In ISchizocydis gregarinoides (Fig. 140) the sporozoite attaches itself by 
its rostrum to an epithelial cell, and as it grows in size its nuclei multiply ; 
it tinally becomes a multinucleato schizont of very large size, which may bo 
either vermiform, and is then attached by an anterior suckcr-liko organ to 
the epithelium, or massive in form, and quite free. When full-grown, its 
body divides up into as many small nierozoites as there are nuclei. The 
merozoittis may probably repeat this development and multiply by schizogony 
again ; or a merozoite may grow, without multiplication of its nucleus, into a 
sporont, which proceeds to sporogony of a typical kind. In Schizocystis 
siyuncuU (Uogicl, 603) the schizont has a principal nucleus near its anterior 
end, and forms a number of secondary nuclei near the hinder end of the body, 
apparently from chromidia given off from the principal nucleus, which loses 
its chromatin. Round the secondary nuclei jirotoplasm aggregates, and 
finally about 150 to 200 morozoites are formed, lodged in a cavity in the cyto- 
plasm of the schizont. The principal nucleus and the maternal body of the 
schizont now degenerate, and tho morozoites are set free. 

3. In Forospora gigantea of tho lobster, the largest gregarino known, tho 
full-grown individuals round themselves off, become encysted singly, and divide 
up to form an immense number of so-called “ gyranospores ” (Fig. 150), each of 
which consists of a cluster of morozoites grouped round a central mass of 
residual protoplasm. Tho subsequent development and tho sporogoii}’ are 
unknown ; the schizogony was formerly mistaken for the sporogony (L6ger and 
Buboscq, 621). 

In tho species Forospora legeri, recently described by Beauchamp (592) 
from the crab Eriphia spinifrons, a similar process of schizogony is recorded ; 
but in this case an associated couple or syzygy of two trophozoites becomes 
encysted together, to undergo a similar process of non sexual multiplication. 
Tho association is one of two septate trophozoites closely attached, with loss 
of tho protomcrite in tho posterior individual, as iiiDidymophyes ; the subse- 
quent development and sporogony are unknown. Legor and Buboscq (622 ) 
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have described recently a number of now species of Porosfora from various 
Crustacea ; they suggest that the genus Porospora represtiuts the scliizoconv 
the genus Cephaloidophora the sjwogony, of the same (lyclo. 

4. In the peculiar genus Ophryocystis (Fig. 151), parasitic’iii the Malpighian 



Fio. 148 . — Sdenidium cavUeryi. A, Full-grown intracellular schizont, x 850 ; 
B, stage in the multiplication of the nuclei of the schizont, x 1,200 ; 0, sohi- 
Mgony complete, showing the merozoites, X 1,000 ; D, young sporont cmlxjddcd 
in an epithelial cell, x 700 ; E, free, adult sporont, x 700. After Brasil (596). 

tubules of certain beetles {Tenebrionidm, CurctUionidcs^ etc.), and formerly 
regarded as a distinct order of Sporozoa, the Amcebosporidia, a double 
schizogony takes place ; there are first of all multinucleate schizonts which can 

22 
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reproduce their like for many generations, but which finally produce mero- 
zoitcs which grow up into paucinuclcate schizonts, and these produce mcro- 
zoites which grow up into sporonts. The sporogony of this genus is also 
peculiar. Two sporonts associate, and the nucleus of each sporont divides 
into three ; the body of each sporont then divides into a smaller cell with one 
nucleus and a larger cell with two nuclei ; the small cell is a gamete, which ig 



Fia. 149. — General diagram of the life-cycle of Schizocystia gregarionidea, after 
L^ger (617, ii.). A, Sporozoite escaping from the spore ; B, C, D, E, growth 
of the sporozoite into the multinucleato schizont, of which there are two 
types: the vennifonn schizont (a), which attaches itself to the epithelium by 
its anterior end, and the massive schizont (6). which lies free in tho gut of the 
host ; F, division of the schizont into a number of merozoites, which may 
either grow into schizonts again {Q^, 0^), or may grow into sporonts {Q ^) ; 
H, young sporonts ; I, association of two full-grown sporonts ; J, formation of a 
common cyst by two associated sporonts ; K, division of the nuclei in the 
sporonts ; L, formation of the gametes by the sporonts ; M, copulation of the 
gametes ; N, each zygote becomes a sporoblast and forms a spore. 


enveloped by tho larger binucleate coll. The two gametes copulate, and 
the zygote becomes a single spore with tho usual eight sporcziutes ; the two 
binucleate envelope-cells form a protective envelope to the spore during its 
development, and die off when it is ripe (L^ger, 617, i.). 

(For Schaudinndla see p. 366.) 
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The Gregarinoidea arc classified as follows : 

Suborder I. — Eugregarinm (willwut Schizogony). 

Tribe 1 : AcefMlina.~W\t\\o\it an cpimoritc and non-soptatc ; 
typically, though by no means invariably, “ ccelomic ” jiarasilcs. 
Example: ilfo/^ocys/^s, with several species parasitic in tlu^ vesiciike 
seminales of earthworms, and many allied genera and species ; 
see especially Hesse. Also many other genera parasitic in various 
hosts — ('chinoderms, ascidians, arthropods, ct-e. 

Tribe 2 : Cephalina. — ^With an epirneritc in the early stages, at 
least, of the trophic phase ; in one family, Doliocydidee., n()n-s(‘ptat(% 
hut all otluns septate, with protomerite and 
df^utornerite, or with many segments [Tcenio- 
cystis, Metamera). 'J'ypically parasitesOf the 
digestive tract, most common in insects. 

'^I'his tribe comprises a great number of 
families, genera, and species ; see Minchin 
(589). The type-genus Orexjarina (Clepsy- 
drina) comprises many common species, such 
as G. ovata of the earwig, G. blattarum of 
the cockroach, G. polymorpha of the meal- 
worm (Fig. 7, p. 9), etc. Other well-known 
species are — Pterocephalm (Nma) nobilis, from 
the centipede (Scolopendra spp.) ; Stylo- 
rhyneJms longicollis (Fig. 142), from the cellar-beetle, Blaps morlisaga, 
and many others. The family Doliocystidee contains species parasitic 
in marine Annelids. 

Suborder II. — Schizogregarince {with Schizogony). 

Various methods of classifying the Scliizogregarines have been 
proposed. Leger and Duboscq (645) divide them into Monosjma, 
which produce a single si)ore in the sporogonic cycle ((example : 
Ophryocystis) ; and Polyspora, which produce many spores. Fantham 
proposes to divide them into Endoschiza, in which the schizogony 
takes place in the intracellular phase, as in Selenidiuui and Ecto- 
schiza, in which the schizont is a free trophozoite, as in Ophryo- 
cystis and Schizocystis ; the aberrant genus Siedleckia is probably 
to be referred here also (see Dogiel, 606). The present state of 
knowledge is hardly ripe, however, for a comprehensive classifica- 
tion of the scliizogregarines, and it may well be doubted whether 
they are to be considered as a homogeneous and natural suborder ; 
some of the families of the Schizogregarinse appear to be more 
closely allied to particular families of Eugregarinse than to one 
another. Leger (617, ii.) points out that the family SchizocyslidcB 
shows close affinities with the eugrcgariiic family ActinocephalidcB. 





Fio. 150. — “ (Jyinno- 
spore ’’ of Poronpora 
(jvjmka, consisting of 
a number of sporo 
zoites arranged ladi- 
ally round a central 
residual mass which 
contains a chromatinio 
body. After Leger and 
Duboscq (021). 
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Pfeffer asserts that the young intracellular stages of the mealworm- 
gregarine multiply by fission. Porospora, with its remarkable 
schizogony, is apparently a septate cephaline gregarine of the 



Fia. 151. — Diagram oFtho lifo-cyclo of Ophryocystis, after L 6 gor (617, i.). A, The 
spore setting freomporozoites ; B, the sporozoite attached by its rostrum to 
tlio epithelium of^thelMalpighian tubule ; C, multiplication of the nucleus 
of the sporozoite, and' growth to form D, the multinucleate or “ mycetoid ” 
schizont ; E, division of the multinucloMe sohizont into a number of mcro- 
zoites {F), each of which may become a multinucleate schizont again, or 
{0, II) may become a paucinucleate or “ gregarinoid ” schizont ; H, division 
of the paucinucleate schizont to form young sporonts (/, J) ; K, association 
of two sporonts ; L, formation of a common cyst round the associated sporonts, 
and division of their nuclei ; if, formation of three nuclei in each sporont ; 
N, separation of a gamete (< 7 .) within the body of each sporont, while the 
rest 01 the body, with two nuclei, becomes an envelope-cell ; 0, the two gametes 
have fused to form the zygote (z.) or sporo blast ; P, the sporoblast has as- 
sumed the form of the spore, and its nuclei have divided into four ; ultimately 
eight nuclei and as many sporozoites are formed. 


ordinary type. A character such as the possession of the power 
of multiplication by schizogony is clearly one of great adaptive 
importance in the life-history of a parasitic organism, and therefore 
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not likely to be of elassificatory value. The elassificatiou of the 
future will probably be one which divides all grcgarincs into ('epha- 
lina and Acephalina, and distributes the scliizogregarines amongst 
these two divisions. 

• At present the following families of schizogrcgarines are recog- 
nized : Opliryocystidce, Schizocyslidce , Selenidiidce, Merogregarinidce, 
and Porosporidce. For the family Aggregatidce see p. 353. 


Order II. — Coccidia. 

Tlic chief characteristics of the Coccidia are that, with very few 
exceptions, the parasites are of intracellular habitat during the 
trophic phase, and that a number of spores or sporozoites are 
produced witliin a cyst, all of which are the offspring of a single 
zygote. Further, there is always an alternation of generations, 
non-sexual multiplicative schizogony alternating with sexual 
propagative sporogony. As a general rule the (‘iitiro life-cycle is 
confined to a single host, but in one family (Aggregalidm) an alterna- 
tion of hosts occurs, corresponding with the alternation of genera- 
tions ; that is to say, the schizogony takes place in one host, the 
sporogony in another. 

Coccidia are found as parasites of various groups of the animal 
• kingdom. In contrast to gregarines, tiny are found sparingly in 
Insects, and, indeed, in Arthropods generally with the ex(!eption 
of Myriopods ; but they occur commonly in Molluscs, and especially 
in Vertebrates of all classes. They are found also in Annelids, but 
not abundantly, and in Flat-Worms (Turbellaria) and Nemertines. 
A parasite of the gregarine Cystobia chiridotoi has been identified 
by Dogiel (602) as a coccidian, and given the name IlyalosphiBra 
gregarinicola. 

The intracellular trophozoite is typically a motionless body, 
spherical, ovoid, or bean-shaped, often with a considerable res(‘m- 
blancc to an ovum ; hence these parasites were formerly spoken of 
as egg-like i^sorosperms (“ eiformige Psorospermien ”), and the 
same idea is expressed in such a name as Coccidium ovijorme., given 
by Leuckart to the familiar parasite of the rabbit now generally 
known as C. cuniculi (or C. stiedee). The same deceptive resemblanca; 
extends to the propagative phases, and the eggs of parasitic worms 
have before now been mistaken for coccidian cysts, or vice versa. 

The infection of the host takes place in every case, so far as is 
known at present, by the casual or contaminative method. Resis- 
tant spores or cysts of the parasite are swallowed a(*cidentally with 
the food, and germinate in the digestive tract. The sporozoites 
escape and are actively motile ; in the majority of cases they pene- 
trate into cells of the intestinal epithelium, but they may under- 
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Fig. 152. — Lifc-cyclo of Goccidium schuhergt. A — E, Schizogony ; F — /, gametog- 
ony ; K, L, syngamy ; L — 0, sporogony. A, Sporozoite liberated from 
the sporo ; B, three epithelial cells to show three stages of the parasite ; in 
the first (to the left) a sporozoite (or merozoite) is seen in the act of pene- 

[Continued at foot of p. 343. 
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take more extensive migrations, and find their way into some other 
organ of the body, of which they are specific parasites, sueli as the 
liver, fat- body of insects, genital organs, kidneys, and so forth. 
When they have reached the cell, of whatever tissue it may he, 
.which is their destination, they penetrate as a rule into th('. (yto- 
plasm, and come to rest there, but in some cases they are intra- 
nuclear parasites. The trophozoite grows slowly at the expense 
of the host-cell, which is at first greatly hypertrophied as a rule, 
but is ultimately destroyed ; and when full-sized the parasite 
enters upon the multiplicative phase as a schizont. After several 
generations of schizogony, a generation of trophozoites is produced 
ultimately, Avhich become sexually - dilferentiated sporonts and 
proceed to sporogony. 

The great power of endogenous multiplication possessed by these 
parasites renders them often pathogenic, or even lethal, to their 
hosts, in contrast to the usually quite harmless gregarines. As a 
rule, however, the production of a pathological condition in the liost 
reacts on the parasite, and stimulates, apparently, the development 
of propagative phases, which, by passing out of the host, purge it 
of the infection. In this way the disease — “ coccidiosis,” as it is 
termed generally — may cure itself, and the host recuperates its 
health, but without acquiring immunity against reinfection. 

As a typical coccidian life-cycle may be taken that of Coccidiuni 
schuhergi (Fig. 152), from the common centipede, Lilhohius jorjicutufi, 
described by Schaudinn (99) in a classical memoir. The complebi 
life-history may be divided into eight phases, which arc described 


Fig. continued : . •« 

trating tho cell ; the other two cells contain parasites (p.) in dilreront atagea 
of growth (schizonts) : n., nucleus of the host-cell ; 0, D, multiplication 
of tho nuclei of tho full-grown schizont; K, tho schizont haa divided 
into a number of mcrozoites (rnz.) implanted on a mass of residual l^roUi* 
plasm ; the merozoites, when set free, may cither penetrate into epithelial 
cells and become schizonts again, as indicated by tho long arrow, or may 
develop into sporonts (gametocytes) ; ¥, epithelial cell containing two young 
sporonts, the one male (^ ), with lino granules, tho other female { i ), mth 
coarse plastinoid granules in its cytoplasm :(?<?, full-grown male sporont ; 
0 ? , full-grown female simront: itskaryosomo: II S , malesporont with nuclei 
divided up ; the remains of the karyosome are seen at the centre of the Imuy ; 
II ? , female sporont which has expelled tho karyosome : k.^, fragments of the 
kaiyosomo in tho host-cell ;U, riiio male gametes round the residual mass 
of the body of the sporont ; / ? , female gamete ripe for fertilization, throwing 
out on one side a cone of reception towards the male gametes ( d ) swarming 
round it ; J, fertilized zygote which has surrounded itself by an oecyst [ooc.) , 
inside the body tho female pronucleus ( ? ) has taken the form of a spin ^ e, 
at one pole of which is seen the chromatin of the male 
outside tho oocyst is seen a clump of degenerating male gametes ( d ; ; . 

fertilization-spindle complete, with male and female chromatm sprea ovc 
it ; L. synkaryon dividing ; M, the synkaryon has divided into four ; iV, tour 
sporoblasts are formed, each of whiclx has surrounded itself with a sporo ys , 
lying in a mass of residual protoplasm (cystal residuum) ; 0, ripe 
containing four spores, each enclosing two sporozoites and a small qu y 
of residual protoplasm (sporal residuum). After Schaudinn (9J). 
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in the sequel, togetlier with a brief summary of the cliief variations 
which each pliasc may exhibit in other coccidia. 

1. The sporozoites, liberated in the digestive tract, are small 
gregarinulae which move by gliding movements, and penetrate 
into epithelial cells by means of their pointed anterior end* 
(Fig. 162, A, B). 

2. In the cytoplasm of the cell they grow into the large rounded 
schizonts, distinguished by the absence of reserve food-materials in 
their cytoplasm, and by the large vesicular nucleus with a karyosome 
(Fig. 152, B). 

In a few rare iiLstances — namely, Coccidium mitrarium, Lav. et Mesn., 
Cryptosporidium muris, Tyzzcr, and the recently-dcseribod Selenococcidium 
intermedium (see p. 351, infra), the trophozoite is free as in gregarincs. In 
Barroussia spiralis, from Cerebratulus sp., the schizont during its early phases 
of growth is vermiform and spirally twisted, but becomes rounded off when 
full grown (Awerinzew, 47). In the intranuclear parasite of the mole, Cydo- 
spora caryolytica, the schizonts are stated by Schaudinn (147) to bo sexually 
differentiated, as also the mcrozoites to which they give rise. In the case oiAdeleo, 
omta, however, a sexual differentiation of the schizonts alleged by Siedlecki 
(Fig. 153) is stated by Schcllack and Reichenow to be due to a confusion of two 
distinct 8i)ecies ; the supposed microschizonts, giving rise to microgametocytes, of 
Siedleeki, are stated to be in reality the schizonts of Barroussia alpina, Leger, 
while Sicdlecki’s macroschizonts alone represent th(5 true schizonts of Adelea 
ovaki; compare also Debaisieux. Chagas, however, desesribes in Addea 
liartmanni {Chagasia Imtmanni, Leger, 644) distinct male and female genera- 
tions, microschizonts and macroschizonts, multiplying by microschizogony 
and macroschizogony resiKJCtively. 

3. In the full-grown schizont (agamont) the nucleus divides 
repeatedly by binary fission (Fig. 51, p. 106 ; Fig. 152, C, D, E) 
until a variable number of nuclei, about thirty or forty as a rule, 
are produced. The body of the schizont then divides into as many 
segments as there are nuclei, leaving a certain quantity of residual 
protoplasm, and each segment becomes a merozoite (“ schizozoite,” 
Leger). 

The schizogony takes place without any formation of resistant membranes 
by the parasite, but the remains of the host-cell may furnish an envelope or 
cytocyst within which the multiplication of the parasite proceeds. As a general 
rule the merozoites produced are arranged like a barrel round the residual 
protoplasm (Fig. 153, F), forming a so called corps en harillet. In Caryo- 
tropha a double process of schizogony occurs, recalling somewhat that of 
Forospora; the schizont divides into a number of cells, “ schizontocytes ” or 
“ cytomcres,” each of which divides in its turn into a cluster of merozoites 
arranged in a corps en harillet. 

The nuclear multiplication in the schizont is not always effected by simple 
binary fission, as in Coccidium schvhergi. In Adelea ovata binary or multiple 
fission of the nucleus occurs (Jollos). First the centriole contained in the 
karyosome, and then the karyosome itself, divides into two ; the whole nucleus 
may then divide into two also, or the division of the karyosome may be re- 
peated several times, until the nucleus contains a number of karyosomes. 
In the later nuclear divisions the karyosome becomes very small, consisting 
of little more than the bare centriole, while the peripheral chromatin increases 
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greatly in amount, forming tho characteristic star-shaped figures t hat have so 
often been depicted. According to Schellack and Reiehenow, liowe ver, Jollos’ 
observations relate to Barroussiaalpim, and not to Addca ovafa, and his state- 
ments with regard to cytological details are criticized, and contradictcil in 
part, by these authors and also by Debaisieux. In Caryotroplm the nucleus 



Fia. 163. — Schizogony of Adelea ovata. A — G, Multiplication of a female schizont 
to produce a cluster of mcrozoites (C) in which the nucleus has no karyosomo ; 
D — F, multiplication of male schizont to produce a corf.d en bariUet (r) 
of mcrozoites, in each of which tho nucleus has a cons})icuous karyosomo 
placed at one end of tho nucleus. (According to Schellack and Reiehenow, 
however, the figures A — C alone represent tho schizogony of Adelea omta, 
and tho figures D — F represent that of a distinct sjiecics, liarrousda alptnu.) 
After Siedlecki. 

of tho schizont resolves itself into a mass of chromidia, which is then constricted 
simply into two masses, then again into two, and so on (Siedlecki, t>53). 

Non-sexual multiplication has long been known to occur in Coccidia, but 
the schizogonouB generation was regarded formerly as a distinct genus and 
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species from ilio propagative, spore-producing pliaso, and was given the 
generic name Eimeria, with typo E. falcifonnis of tluj mouse. When the true 
connection between the two forms was discovered, Eimeria bcicame a synonym 
of Coccidiujn, or of whatever the generic name of the s£)oront might bo {e.g., 
Eimeria wrpee, from Nefa cinerea,=liarroussia ornata). The nomenclature- 
purists have, however, souglit to abolish the generic name Coccidium, and to 
reijlaco it by Eimeria, on the ground of priority — a procedure which, in my* 
opinion, is contrary to public policy, and should not bo followed, anything in 
the law of priority notwithstanding. 

4. The morozoites (agametes), tho daughter-individuals produced 
by schizogony, arc set free from the remains of the host-cell (cyto- 
cyst). Eacli merozoitc is very similar to a sporozoite in form, 
structure, and movements, differing only in minor points of detail ; 
for instance, in C. sekuhergi the nucleus of the merozoite has a distinct 
karyosome, wanting in that of tho sporozoite. The merozoites 
penetrate into epithelial cells, and become trophozoih^s which may 
develop in one or tho other of two ways — (1) into schizonts again, 
repeating tho schizogony already described ; (2) into sporonts 
(gamonts), destined to produce gametes and resistant propagative 
phases. 

5. The growth of the sporonts is slower than that of tho schizonts, 

and differs in tho two sexes ; in the male sporont (Fig. 152, 0 J) 
the cytoplasm remains clear, free from enclosures, but in the female 
(Fig. 152, ? ) it becomes crowded with reserve nutriment, stored 

up as a provision for the reproductive phases, in the form chiefly 
of so-called “ plastinoid spherules.” 

In G. schibergi tho female sporonts dilTor also from tho spherical male form 
in being bean-shaped, but this is a stx?cifio peculiarity. In some species tho 
female sporonts are very much larger than the male, as in Adelea oyaia 
(Fig. 154), Orcheohius herpobdellce, etc. In the last-named species, parasitic in 
the testis of the leech Herpobdella atomaria, tho trophozoites which become 
schizonts are parasitic in the cytophores ; but the merozoites destined to bocomo 
sporonts are quite motionless, and lie free in tho lymph, whence they are 
taken up passively by the lymphocytes, often several by one such cell. In tho 
lymphocytes they associate in couples, a male and a female sporont together, 
and tho female sporonts grow into long, monocystid-liko bodies (Kunze). 

6. When full-grown, the sporonts proceed to gamete-formation : 

(a) 111 tho male sporonts (Fig. 50, p. 102 ; Fig. 152, 11^,1 S) l^ho 

nucleus gives off chromidia into the cytoplasm, and the chromidia 
collect at tho surface of the body ; the old nucleus, now much poorer 
in cliromatin, and with its karyosome still distinct, remains in tho 
(?entro of the body. Tlie chromidia become condensed and con- 
centrated into patches to form secondary nuclei, which finally take 
shape as elongated compact bodies consisting of dense chromatin ; 
each such nucleus, together with an almost imperceptible quantity 
of cytoplasm, forms the body of a male gamete (micro gamete), and is 
set free, while the greater part of the body of the sporont, together 
with its old nucleus, degenerates and dies off as residual protoplasm. 
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(b) The body of tlio female sporoiit rounds itself off and Inirsts 
the liost-celL At the same time the karyosome is expelled from 
the nueleus (Fig. 75, p. 146 ; Fig. 152, G ? , // ? ). It is then ripe 
for fertilization as a complete and mature maerogamete. 

• The process of gamete-formation varies considerably in its details in other 
coccidia, though similar in all essential points to that of C. schubergi. The 
most important difference is that in many coccidia — as, for instance, in Addm 



Fig. \5A.~Addm ovala : association of sporonts and gamete-formation. A The 
two sporonts associated ; in the male ( d ) the nucleus beginning to break 
up into chromidia ; B, the nucleus of the male sporont resolved into chro- 
midia ; G, formation of four sc^condary nuclei from the chromidia ; D, in the 
male gametocyte four raicrogametc.s are formed from the four secondary 
nuclei of the previous stage ; in the female gamete the nuch'iis has taken the 
form of a fertilization-spindle. After Dobell. 

omta (Fig. 154)— the two sporonts tlo not remain separate^ as in C. schubergi, 
but associate in pairs; a small male sixiront (gametocyte) attaches itself to 
the larger female form, and the gametes are then produced. In correlation 
with this habit, a great reduction in the number of the male gamotes takes 
place, four only being produced. In Addea {Chagasia) hartmanni, Chagas 
states that two or even four microgametocytos attach themselves to the 
female gametocyte ; Dobell also figures attachment of two male sporonts 
in A, ovaia. 
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The maturation of the female gamete does not necessarily take the form of 
expulsion of the karyosome ; on the contrary, the karyosome may be retained 
throughout the development. In the macrogamete of Cyclospora mryolytica 
the nucleus divides twice to form two reduction-nuclei, which are cast off, 
and a third nucleus which persists as the pronucleus. A similar reduction- 
process has been described by Ohagas in Addea hartmanni. In Adelea ovaia, 
according to Jollos, a reducing division occurs in the female gametocyto before * 
association with the male takes place ; this is denied, however, by Schellack 
and Reichonow and by Dobaisieux. 

In Garyotroplia the male sporont does not divide at once into mierogametes, 
but first into a number of microgamotocytes, each of which then produces 
microgametes. The process of gamete-formation is thus seen to be exactly 
parallel to the schizogony, in which the schizont first divides into cytomercs, 
which in their turn produce morozoites. It is obvious that in coccidia, as in 
Protozoa generally, schizogony and gamotogencsis are strictly homologous 
processes ; the only difference, primarily, is in the nature and destiny of the 
swarm-spores produced in each case, merozoites or gametes. This comparison 
accentuates the fact, which will bo discussed further billow, that in the coccidia 
multiple reproduction to produce gametes is entirely in abeyance in the 
female sex. 

7. The fully-formed mieroganietc (Fig. 50, p. 102) is a minute, 
slender, serpentine organism, the body of 'whicli consists almost 
entirely of chromatin ; the cytoplasm is represented by the two 
flagella, which arise close together at one end of the body. One 
flagellum is entirely free, the other runs along the body to the hinder 
end, from which it is continued freely ; thus the structure of the 
male gamete recalls that of a trypanoplasm in the heteromastigote 
arrangement of the flagella. 

Tlie male gametes swarm round the inert female gamete, and one 
of tlieni penetrates into it and fertilizes it. As soon as the entrance 
of a microgamete is elTccted, the macrogamete secretes a tough 
membrane, tlie oocyst, at the surface of the body, preventing the 
penetration of any other microgametes. A fertilization-spindle 
(Fig. 69, p. 127 ; Fig. 152, J, K) is then formed in the zygote. The 
female pronucleus becomes spread out into a fusiform figure con- 
sisting of grains of chromatin on an achromatinic framework. When 
the spindle is complete, the male pronuclcus breaks up into granules 
of chromatin which spread over the spindle, and are thus com- 
mingled intimately with the chromatin of the female pronucleus. 
When this has taken place, the spindle contracts to form the rounded 
synkaryon, and the syngamy is complete. 

The structure of the microgamete varies in different species. In some 
cases {Addea, Klossia, Leyerdla, Barroussia spiralis) flagella are wanting, 
and the microgamete is a slender, spirochaete-liko organism, consisting entirely, 
so far as can bo soon, of chromatin, but actively motile. When flagella are 
present, they are usually two in number. In Orcheobius herpobdeUce., Bar- 
roussia {Minchinia) caudata, and some other species, the microgamete ter- 
minates anteriorly in a jwint or rostrum, close behind which two flagella are 
given off, and are directed obliquely backwards, quite free from the body. 
In Aggregata, Moroff (94) describes the microgametes as long and slender, 
with a nucleus of peculiar form, sometimes greatly drawn out, and with 
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two flagella, both arising at the anterior end and directed forwards. In 
Coccidium rouxi, Elmassian describes two forms of microgaiiKstes di/Tering 
greatly in size. 

In forms in which the sporonts associate, as in Addea and Orcheohms, one 
of the four microgaraetes produced penetrates the macrogamotc ; the other 
♦three die off. In some species— e.gf., Coccidium proprium of the newt-— the 
oocyst is formed prior to fertilization, and the male gamete enters through a 
minute aperture or micropyle, which is closed as soon as one has entered. 
In Cydospora caryolytica, however, numerous microgametes penetrate into 
the macrogamete, but only one of them furnishes a male pronuchnis, wliicli 
copulates witli the female pronucleus ; the remaining mahi nuclei arc absorbed. 

A fertilization-spindle apjKiars always to bo formed in the process of 
syngamy, but may differ considerably in appearance from that seen in 
G. schuhergi ; compare Kunze’s description of the fertilization of Orcheohius 
herpobddhe. 

8. The zygote is enclosed, as stat(;d above, in an oocyst 
(Fig. 152, J) secreted at its surface as a membrane delicate at first, 
but very soon becoming thickened to a tough impervious capsule, 
in which the parasite can pass out of the body of the host and brave 
the vicissitudes of the outer world. The synkaryon divides in the 
genus Coccidium into four nuclei (Fig. 52, p. 106), and the body 
of the zygote then divides into as many sporoblasts, each with a 
single nucleus, leaving over a certain amount of rcsidual protoplasm 
(“ (jystal residuum ”). Each sporoblast secreU^s a sporocyst at 
its surface (Fig. 152, N), and within the envelope the sporoblast- 
nucleus divides into two, after which the cytoplasm segments round 
each nucleus to form two sporozoites (Fig. 152, 0), leaving a small 
amount cf residual protoplasm (“ sporal residuum ”). These 
residua arc slowly absorbed. When sporogony is complete, there- 
fore, the tough oocyst contains four spores, each consisting of a 
tough sporocyst containing two sporozoites. In order to develop 
further, the cyst must be swallowed by a new host, in the digestive 
tract of which the oocyst dissolves, and the spores split open, libera- 
ting the sporozoites. 

In other species of coccidia the details of the spore -formation may vary 
enormously as compared with the example d(;scribed. The contents of the 
oocyst may divide into only two, or into a very large number of sporoblasts. 
In the genus Caryospora (Lcger, 644) and Gryptmporidium (Tyzzcr), the 
oocyst does not divide into sporoblasts, but gives rise to a single spore, contain- 
ing eight sporozoites in Caryospora, four in Cryptosporidium. In Paracoccidium 
prevoti sporocysts are formed in the oocyst, but absorbed again, so that the 
sporozoites finally lie free in the oocyst, as in the genus Legerdla, in which no 
sporocysts are formed at all, but the body of the zygote divides directly into 
sporozoites. With those exceptions, resistant spores are always formed, in 
numbers varying from two to some thirty or so in different genera. 

The spore may contain one, two, three, four, or n sporozoites, and is then 
said to bo monozoic, dizoic, trizoic, tetrazoic, or polyzoic ; it is rarely octozoic, 
as in gregarines, but Caryospora is so. In Caryotropha me^nilii the spore 
contains twelve, in Angeiocystis audouinicB about thirty sporozoites (Brasil, 
597). In contrast also with gregarines, the spores of coccidia are generally 
smooth, round, or ovoid bodies, but in a few cases (e.g., Minchinia chitonis) 
bear tails or spikes. 
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The germination of the spore takes place always, apparently, in the digestive 
tract of the specific host, and there alone ; it may be in some special part of 
it, as in C. mmiculi, the spores of which, according to Mcdzncr, germinate in 
pancreatic, but not in gastric, juice. 

The remarkable form Selenococcidium intermedium (Fig. 155), parasitic 
,in the intestine of th(i lobster, described by Leger and Dul)oscq ((546), dithTs 
from all other known coccidia in the character of its trophozoites and its 
schizogony. The trophozoites are vcirmiform, nematode-like organisms, 
extremely active in their movements, and frequently coiling themselves up 
and wriggling like worms (Fig. 155, A—D). The anterior end of the body i.« 
blunt, the posterior pointed ; the surface of the body contains myonemes 
running spirally, visible in the living state at tlu^ anterior end as obliqiu; 
striations. The youngest trophozoites have a single nucleus, but as they 
grow the nuclei multiidy, until in the full-grown organism there an? eight. 
The trophozoite is now a schizont, and jx?netrat(?s into an epitludial cell of the 
intestine in order to multiply by schizogony. The vermiform body rolls up 
within the cell into a compact oval mass (Fig. 155, K), and tlien eacdi of its 
eight nuclei grows out into a tongue-like cytoplasmic process. In this way 
eight merozoites are formed round a central residual mass. The merozoites 
are set free as the uninucleate trophozoites (Fig. 155, 0). This “in- 

different” typo of schizogony may continue for several generations, until a 
final generation appears in which the schizonts are sexually differentiated ; 
smaller, slender trophozoites with eight nuclei give rise to eight merozoites 
which grow into male sporonts, and larger, stouter forms with four nuclei 
produce four merozoites which become female sporonts. 

The male sporonts (gametocytes) arise from vermicuk's with clear cyto})laHm, 
which penetrate into an epithelial cell and roll up into an ovoid imiss 
(Fig. 155, H ) ; they may do this when they have but a single nucleus, but 
usually not until the nuclei have increased to eight. In the compact, intra- 
cellular gametocyte the nuclei multiply rapidly in a manner similar to that 
described above for the schizont of Adelea, by binary or multiple fission 
following division of the karyosome. In later stages of multiplication the 
karyosomes become very small, and the peripheral chromatin of the nuclei 
increases greatly, so that they have the apix'arancc of patches of granules 
(Fig. 155, /). When the multiplication is complete, each such patch of granules 
forms the dense, comma-shajwd nucleus of a microgamete (Fig, 165, J), An 
enormous num^r of microgametes arise from each gametocyte, but the 
structure of the free microgametes has not been made out. 

The female gametocytes arise from stout vermicules which penetrate into 
a cell and become rounded off, the nucleus remaining single all the time 
(Fig. 155, K, L, M). The oval gametocyte grows, and its cytoplasm becom(?s 
full of chroniatoid grains. When full-grown it appears to go tlirough a proce.s8 
of maturation, in which, as in Adelea, the karyosome divides into two, and one 
half is expelled. The full details of the fertilization have not been made 
out, but macrogametes have been seen with the nucleus placed superficially, 
and with a small corpuscle, apparently a microgamete, adherent to the body 
(Fig. 155, N). After fertilization the zygote becomes spherical and surrounds 

Fig. 165. — Selenococcidium intermedium: various phases in the life-cycle. A, B, 
G, D, Vermicules with one, two, five, and eight nuclei respectively ; E, vermi- 
culo rolling up prior to schizogony ; F, schizogony nearly complete ; eight 
pear-shaped merozoites, each with a single nucleus, budded off from a mass 
schizogony complete ; eight uninucleate vermicules rolled up together ; //, I, J, 
of residual protoplasm to which they are still attached by long stalks ; 0, 
formation of microgametes ; H, the nuclei of the miorogametoo}de at an early 
stage of division ; i, later stage ; J, formation of a great number of comma- 
shaped microgametes ; K, L, vermicule rolling up to become a macrogameto- 
cyte ; M, fully-formed macrogamctooyto, its cytoplasm full of patches of 
enromatoid granules that stain deeply with iron-hicmatoxylin ; N , macro- 
gamete at the moment of fertilization ; 0, oiicyst with very numerous chroma* 
toid grains. After L6ger and Duboscq (646). 
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itself by a tough oocyst (Fig. 155, 0 ) ; in this stage it is expelled from the 
body with the fajces. The subsequent development of the oocyst, spore- 
formation, etc., are not known. 

From these data it is sufficiently clear that Selenococcidium is perfectly 
gfegarine-liko in its trophic phase and in its schizogony ; the trophozoites are 
free vormicules which multiply just as in Schizocystia. The parasite only, 
ptuietrates into a cell when it enters upon reproductive phases. On the other 
hand, the sporogony, so far as it is known, and especially the sexual processes, 
are entirely coccidian in typt). Selenococcidium links the gregarines and 
coccidia in a striking and convincing manner, as will be discussed further 
below. 

Classification . — The Coccidia have been classified in various ways at different 
times, as increased knowledge of these organisms has shown older schemes 
to bo artificial or unnatural. The following classification is in the main that 
of Liilie (392), with certain modifications. Some genera have not, however, 
been investigated sufficiently to make their systematic i)osition certain. 


Suborder L : Prococcidia. 

Trophozoites free, vermiform, motile ; schizogony similar in type to that 
of Schizogregarines. The only genus known at present is Selenococcidium. 
The genus Siedleckia should perhaps bo placed here, perhaps in the Scliizo- 
gregarines near Schizocystis ; its sporogony is as yet unknown. 

Suborder II. : Eucoccidia. 

Trophozoites typically intracellular, motionless, oviform, rarely free or 
vermiform ; scdiizogony of coccidian tyjw. 

Section A. — Forms in which the sporonts do not associate prior to gamete- 
formation, and numerous microgametes are produced : 

Family 1 : Coccidiidm {Eimeridai). — The schizogony is of a simple type, 
as described in C. schibergi. Examples: Coccidium [Eimeria) and allied 
genera ; Barroussia {Barrouxia), with typo B. ornata, from the gut of Nepa 
cinerea; Cyclospora, including C. caryolytica, from the intestine of the mole ; 
and other genera. Cryptosporidium muris, from the gastric glands of the 
mouse, has free trophozoites and produces a single tetrazoic spore. 

Family 2 : Caryotrophidm. — Witli double multiple fission in the schizogony. 
Example : Caryotropha mesnilii, parasite of the Annelid Polymnia nebulosa 
(Sicdlecki, 663). Klossiella muris,* from the kidney of the mouse, should 
perhaps be referred to this family, possibly also Merocystis kathce (Dakin). 

Section B. — Forms in which the sporonts (gametocytes) associate prior 
to gamete-formation, and the number of male gametes is reduced to four : 

Family 3 : Adeleidce.—VI'ith. sporocysts. Examples : Addea, with several 
species, of which the best known is A. ovata, parasite of the intestine of 
Lithobius ; Klossia, with type K. hdicina, from the kidneys of Helix spp. ; 
Orcheohius herpobddlm, from the testis of the leech Herpobdella (Kunzo) ; 
and Caryospora simplex, from the intestine of Vipera aspis, in which the 
contents of the oocyst form a single octozoic spore (Lcger, 644). Minchinia 
chitonis, from the liver of Chiton and Patella spp., should perhaps be referred 
to this family, but the gamete-formation is not yet known. 

Family 4 : Legerdlidce. — Without sporocysts. Example : Legerdla nova, 
parasite of the Malpighian tubes of Glomeris. 

A classification similar in the main to the above has been put forward by 
L6ger (644), who terms Section A the Eimeridea, Section B the Adeloidea. 

* My friend Dr. A. C. Stevenson, of the Pathological Department, University 
College, who has studied Klossiella, informs me that ho considers it possible that 
it may represent a stage of Hcemogregarina muscvli (p.l377). 
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Leger proceeds to divide the two sections further by the number of sporozoites 
produced in the oocyst, but wo venture to doubt if this is a met hod of classi- 
fication which is natural. In the section Adoloidea, T/^gcr includes the hicmo- 
gregarincs as a family, Hcernogregarinidw, characterized by producing one 
octozoic spore ; but this is true only of two siKwies, so far as is known at 
present, and certainly not of many others (see p. 378, infra). 

There remains for mention the family Aggregatidm, comprising certain 
organisms, generally regarded as coccidia, parasitic upon Cephalopods of 
various genera {Sepia, Medone, Octopus, etc.). Those parasites fall into 
numerous species, of which Morolf (Of) enumerates, twenty-one, but they 
are comprised in a single genus which has gone through many vicissitudes of 
nomenclature, having figured at dilTerent times under the names Bencdcnia, 
Legeria, Legerina, and Eucoccidium ; but when it had, apparently, settled 
down under the last of these names, it was discovered that the scliizogony, 
formerly supposed to bo absent in this genus of parasites, occurs in a distinct 
host — namely, a crab — where it had been seen by Frenzel and named by him 
Aggregala ; this name stands, therefore, as the “ correct ” name of this genus 
of parasites. 

Not loss debatable than the name of these parasites is their systematic 
position. While, up to a comparatively recent time, their schizogonous 
phases in crabs had been regarded as those of ccolomio gregarincs, their 
sporogonous cycle in Cephalopods was accepted as that of a coccidiati. 
Siedlecki (652) investigated the sexual phases, and found a tyi)o of sporogony 
quite in accordance with that of coccidia— namely, sporonts (gamctocytes) 
separated from one another, the male gametocyte producing a great number 
of microgjinietes, one of wliich fertilized a macrogamote, with subscipient 
division of the zygote to form a number of sporoblasts and spores. 

Kocontly, however, Morolf published a note in which ho maintained that the 
fertilization was of a typo <pnto dilTerent from that descrilwd by Sicdlociki. 

I lie asserted that the rnacrogametocyte gave rise boforo; not after, fertilization 
to a number of sporoblasts, and that the sporoblasts in question wore tho truo 
macroganiotos, each of which, after being fertilized, gave rise to a single 
spore. In other wonts, Morolf described the fertilization as being of the 
gregarino-typo, and not that characteristic of coccidia. Consequently these 
organisms have been classified by Fantham and by Leger and Duboscq (645) 
amongst tho schizogregarines. 

In his latest work, however, Moroff (94) acknowledges that tho proofs of 
tho process of fertilization alleged by him are inadequate to establish tho 
point at issue, and that further investigations are necessary ; he is no longer 
prepared to insist on the gregarino-naturo of these organisms. Until, there- 
fore, the question has been settled by fresh observations, tho account of the 
sporogony and sexual phases given by Siedlecki must stand. Those parasites 
may be regarded as a distinct family of tho coccidia, tho Aggregatidw, 
characterized by an alternation of hosts corresponding to an alternation of 
generations. The life -cycle in its general outline is as follows; Tho spores 
are produced in tho bodies of Cephalopods ; tho dead bodies of the Cephalopods, 
killed in various ways (by porpoi.ses, for example), art} eaten by crabs, which 
thus infect themselves ; tho spores germinate in tho intestine of the crab and 
liberate tho sporozoites, which traverse tho wall of tho intestine and come to 
rest in the subepithclial connective-tissue layer. There tho parasite grows 
to a large size, forming a cyst which bulges into tho body-cavity, and repro- 
duces itself by schizogony, a process which has btion studied exhaustively by 
L^ger and Duboscq (645). Tho linal result is a vast number of mcrozoitcs. 
If now tho crab be oaten and digested by a Cophalopod, the mcrozoitcs resist 
the digestive juices and establish themselves in their now host. 

The cycle in tho Cephalopods has been studied by Moroff. The mcrozoitcs 
grow into sporonts or gametooytes which are not sexually differentiated, but 
when their growth is complete sexual differences are seen in tho mode of 
gamete-formation. Whatever the method of fertilization, a number of 
sporoblasts are formed from which tho spores arise ; each spore has a tough 
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sporoc^'st, and contains, in difToront species, from tlireo to twenty four 
8iH>rozoites. The various species of Aggregala appear to be spcciliu to par- 
ticular hosts, whether crabs or cephalo])ods. 

If the AggregatidtK are coccidia, they differ from otlior coceidia in having 
an alternation of hosts, and in the absence of an oocyst fonned round tho 
zygote. If, on the other hand, they are grcgarincs, they differ from all oth^ 
known gregarines (with the exception of the doubtful form ISchmidmndla, 
see p. 355, in/m), not only in the alternation of hosts, but also in tlic fact 
that tho gametocytes remain separate and produc^ gametes without previous 
association. If tho view put forward by Moroff is the true one, they are to 
be regarded rather as forms derived from the ancestral form of grcgarincs and 
coccidia (see below), before the habit of association of gametocytes, so charac- 
teristic of gregarines, had been acquired. 

Comparison of the Life-Cycles of Coccidia and Grcgannes.—lt is seen that a 
typical coccidian, such as Coccidium schubergi, differs from a typical gregarmo 
mainly in tho following points: (1) Tho trophozoites are intracellular; (2) tJio 
gametocytes arc more or less widely separated from one another at the time 
they produce gametes ; (3) tho female gametocyto does not divide into a 
number of gametes, but remains undivided to form a single macrogametc, 
disproportionately large as compared with the male gametes ; (4) the zygote 
undergoes a jirocess of division, with tho result that all the spores produced 
within tho cyst are tlie offspring of a single zygote, while in gregarines tho 
cyst contains many zygotes and each zygote gives rise to a single spore. 

When, however, tho coccidia are considered as a whole, it is seen at once 
that tho first two points do not furnish absolute distinctions ; in Sdenococ- 
cidium tho trophozoites are motile and extracellular, and in Adeleidcc tho game- 
tocytes associate together. There remains only the 8j[X>rogony which stands 
out as the distinctive feature of each group. It is by no means difficult to 
understand, however, tho manner in which the two types of sporogony, ^ 
different as they may appear, could have arisen from a common source. 

Tho common ancestral form, from which the two groups arose by divergent 
evolution and adaptation to different modes of parasitism, may bo supposed 
to have been a parasitic organism in which the trophozoites that grew into 
gametocytes were separated from one another, as in coccidia, and consequently, 
when full-grown, produced their gametes separately ; and each gametocyte 
j)roduced a number of gametes which differed only slightly from one another, 
as in gregarines. 

From such a form tho coccidia arose by the acquisition of an intracellular 
habitat on tho part of the trophozoites, whereby the gametocytes remained 
more or less widely separated when they produced gametes. As a result of 
this condition tho gametes have to seek each other out, and may e^ily miss 
one another ; consequently there was a tendency to greater specialization of 
tho gametes. The male gametes became very small and very motile, and were 
produced in large numbers. The female gametocyto, on the other hand, no 
longer divided up into a number of gametes, but became a single large macro - 
gamete. As soon, however, as fertilization is effected, the suppressed divisions 
of tho female gametocyto take place in the zygote, which divides into the 
spore blasts produced formerly by the division of the gametocyte. 

The gregarino-type, on the other hand, arose from the ancestral form by 
the trophozoites which grow into sporonts being free and motile in the later 
stages of their growth ; consequently, gametoc^cs of different sexes were able 
to come together and produce their gametes in close proximity, and finally 
to associate intimately and produce their gametes within a common cyst. 
In such a condition it was impossible that the gametes should miss one 
another ; consequently there was no tendency to increased specialization of 
the gametes, but, on the contrary, a tendency for tho gametes to lose even 
the slight degree of specialization inherited from the ancestral form, with the 
result that a more or less perfect isogamy was developed ; and instead of tho 
microgametes being produced in excess, the numbers of each kind of gamete 
produced are approximately equal. 
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It follows, from the course of evolution sketched in the foregoing paragraphs, 
that in both gregarines and coccidia the cyst is to bo regarded as a secondary 
acquisition. In the ancestral form there were simply scattered zygotes 
from which the spore with its contained sporozoites arose ; the spore may, in 
fact, be regarded as representing the primary form of the encysted parasite, 
comparable to an encysted zygote of the Flagellata. It is indeed obvious 
that the cyst of gregarines and coccidia respectively are quite ditferent 
things. In gregarines the cyst is formed round the two associated gameto- 
cytes— it is a “ cojmlarium,” asLegerhas termed it; in coccidia the cyst is 
a protective membrane formed round the zygote, immediately after fertiliza- 
tion. In the genus Legerella among coccidia, however, the cyst is the solo 
protective membrane formed to enclose the sporozoites, no sporocysts being 
produced, a condition which is of interest, since it leads on to that found 
m the Htcmosporidia. 

In both coccidia and gregarines secondary departures from tlio primary 
ty|)e of the life-cycle occur. In coccidia the gametocytes of certain forms 
[Adeleidce) have acquired the habit of association prior to gamete-formation ; 
this has not led, however, to a development in the direction of isogamy, as 
in gregarines, but merely to a reduction in the number of male gametes formed. 
In some gregarines, on the other hand, notably in those forms of “ coclomic 
habitat, or parasitic in the hcTmococlc, the sporonts in the later stages of growth 
are inert and motionless ; this condition has led to neoganious association 
of young sporonts while still motile and capable of coming together proprio 
motu. 

Here mention must be made of the remarkable form Scfmudinnella de- 
scribed by Nusbaurn (024), parasitic in the gut of an oligocluete worm. The 
full-grown trophozoites of Schaudinnella arc gregarine-like, and may be either 
free in tho lumen of the gut or attached to the epithelium by an cpimerite ; 
the body is non-septate. Temporary associations (syzygies) may be formed 
which have nothing to do with sexual conjugation, since the associates part 
again and produce gametes separately and independently. Tho full-grown 
sporonts are distinguishable as male and female lorms. The female sporonts 
divide up into eight or ten spherical cells, tho rnacrogametes. Tho male 
sporonts divide up into a great number of minute spindle-shaped elements, 
tho microgametes. Copulation takes place between a mierogamete and a 
macrogamete. Tho zygote may become encyst<?d and cast out with tho 
fajces, or may penetrate into the wall of the intestine. In tho lirst manner 
infection of now hosts is brought about ; in the second, multiplication of tho 
parasite in the same host. The zygotes in tho wall of tho intestine grow in 
size, and divide each into a number of sporozoites. 

Some doubt may be felt as to whether tho life-history of Schaudinnella has 
been interpreted correctly throughout ; it is unusual for endogenous mult^ 
plication to bo preceded by sexual processes, and the dovclopniont requires 
further examination. If, however, the account of tho gamete-formation bo 
correct, Schaudinnella is a form which in this resjHJCt stands very near to tho 
hypothetical ancestral form of gregarines and coccidia. 

There can bo no doubt that the gregarines and coccidia are closely allied 
in every respect, and that the two groups are distinguished by points of 
difference which can bo referred quite simply to adaptation to slightly different 
habits in their parasitic life. 


Bibliography. — For references see p. 494. 
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THE SPOROZOA : II. THE HJEMOSPORIDIA 

In the order Hjemosporidia are comprised a number of organisms 
characterized by the following peculiarities ; They are parasites of 
the blood-corpuscles, red or white, of vertebrates during a part of 
the life-cycle ; like tlie Coccidia, they exhibit an alternation of 
generations, non-sexual schizogony and sexual sporogony ; and, in 
all eases thoroughly investigated up to the present, the alternatioji 
of generations corresponds to an alternation of hosts, the schizogony 
taking place in the blood or internal organs of a vertebrate, the 
sporogony in the digestive tract or other organs of an invertebrate ; 
lastly, resistant spores are not, as a rule, produced in this order, 
being rendered unnecessary by the fact that the parasite is never, 
so to speak, in the open, but always sheltered within the body of 
one or the other of its two hosts during its entire life-cycle. 

The Hicmosporidia, as the name is generally understood, are a 
group which comprises a number of forms dilfering considerably 
amongst themselves. Some of the types referred at present to 
this order will, perhaps, when thoroughly investigated, be removed 
from the order altogether. The existence of these dubious forms 
renders the precise limits of the group uncertain and ill-defined. 
All that can be said at present is that the order contains a nucleus 
of true Hajmosporidia presenting very obvious and close affinities 
with the Coccidia, and, in addition to such forms, certain others, 
the true affinities of which remain to be determined, but which can 
be ranked provisionally in the group. 

Under these circumstances, the occasion is not yet ripe for treating 
the group in a comprehensive manner, as has been done with 
Gregarines and Coccidia. The difficulty of dealing with these 
blood-parasites is enhanced by the fact that there is perhaps no 
group in the animal kingdom in which the nomenclature-purist has 
wrought such havoc as in the Haemosporidia. Matters have reached 
such a pitch that in some cases the popular names of certain forms 
aro more distinctive than their strictly scientific appellations, so 
that the very raison d^etre of a scientific terminology has been 
stultified. 
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In the sequel, therefore, the Haemosporidia will be discussed 
under five principal types, each of which comprises several forms. 
So far as possible, the “ correct ” names of these forms will be 
stated. Finally an attempt will bo made to discuss the position 
^nd affinities of the group as a whole. The following is a summary 
of the distinctive characters of the types in question : 

1. The Hmmamoeba-Ty'pe. — The trophozoites of the schizogonous 
cycle occur within red blood-corpuscles, and are amaffioid ; they 
produce a characteristic pigment, termed “ melanin.” When the 
blood is drawn and cooled down on a slide, the male sporoiits, if 
present, form fdamentous male gametes resembling flagella, and 
arc consequently said to “ exflagellato.” The invertebrate host, 
so far as is known, is a mosquito. 

2. The Halieridium,-Type. — The intracorpuscular trophozoite is a 
characteristic halter-shaped parasite of red blood-corpuscles, which 
is amoeboid, and which, like the last, produces melanin-pigment, 
and “ exflagcllates ” on the slide. Only known from the blood of 
birds ; the invertebrate host, so far as is known, is a Hippoboscid fly. 

3. The Leucocytozoon-Type. — The full-grown sporonts are found 
within white blood-cells, which are greatly altered by the parasite. 
They are not amceboid, and do not produce pigment, but they 
“ exflagellato ” when the blood is drawn. Only known in birds ; 
the invertebrate host is unknown. 

4. The Hoemoyregarine-Type. — Parasites usually of rcnl blood-cor- 
puscles, sometimes of white ; they are not amoeboid, do not prodiic.o 
pigment, and do not “ exflagellate.” They occur throughout the 
whole vertebrate series, but are most abundant in cold-blooded 
vertebrates. Those of fishes, amphibia, and reptiles, are trans- 
mitted generally by leeches ; those of mammals and some reptiles 
apparently by ectoparasitic Arthropods. 

5. The Piroplasma - Type. — Parasites of red blood - corpuscles, 
amoeboid or of definite form ; they do not produce pigment and 
do not “ exflagellate generally very minute. They are known 
only in mammals, and the invertebrate host is always a tick. 

These five types will now be considered in more detail. 

1. The Hcemammbce. — The characteristic form of parasite in this 
section is a minute, amoeba-like organism contained within a red 
blood-corpuscle ; as it grows it gradually exhausts and destroys the 
corpuscle, and at the same time produces the characteristic melanin- 
pigment. Such are the well-known malarial parasites of mammals 
and birds. Unfortunately, the accepted rules of nomenclature 
render it obligatory to use the generic name Plasmodium for these 
parasites, a most unsuitable name, since they are not plasmodia 
in any phase except very temporarily, when they arc spomlating. 
They may, however, be termed familiarly “ haemamoebae,” pro- 
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vided the word be not written in italics or witli an initial capital 
letter ; anything is better tlian to speak of them as “ piasniodia.” 

In human beings three distinct species at least of Jia?nianKebfc 
are recognized — namely, the parasites of tertian, (piartan, and 
pernicious or tropical malaria, now generally named Flamiodhnri^^ 
vtvax, P. malarice, and P. falciparum, respectively ; the Jast-naniod 
is distinguished from the other two by the sporonts being crescent- 
shaped, and was put formerly in a distinct genus, Laverania, ^vliicli 
has been abolished. HamiamtebaB similar to those causing malaria 
in man liavo been described from other mammals for example, 
monkeys, several species; bats; and squirrels. The human 
malarial parasites go through their sporogony in mosquitoes of the 
subfamily Anophclin£e ; the life-cycle of those of other mammals 
has not been yet fully investigated. 

In birds hiemarnoeb® are of very common occurrence. For 
these Lahh6 created tlio genus Proteosoma, a name still in use 
unofficially as a distinctive appellation ; but tlie correct name of 
the avian malarial parasites, commonly assumed to belong all to 
one species, is variously stated to be Plasmodium prcecox or P. re- 
lictum. In contrast with the human malarial parasites, those of 
birds are transmitted by mosquitoes of the subfamily Culieinan 

Lastly, parasites are known, from certain reptiles, which are 
intracorpuscular in habitat, amoeboid in form, and produce pig- 
ment. Hence they appear to be genuine lisemamoebse, but they 
do not exflagellate when the blood is drawn,* and very little is 
known of their life-cycle. By some authorities these reptilian 
forms are referred also to the genus Plasmodium, but it is best 
for the present to maintain the genus Hcemocystidium, Castcl- 
lani and Willey, for tliese reptilian forms. Exami)les are //. metsch- 
nikovi (Simond), from an Indian tortoise, Trionyx indicus ; II. 
simondi, Castellani and Willey, from a Ceylon gecko, Hemidactylus 
leschenauUi ; and various other species. 

Since the transmission of the malarial parasites by mosquitoes 
was first discovered by Ross in his experiments on the Proteosoma- 
parasite of birds, the development of human malarial parasites 
has been studied in full detail by numerous investigators, amongst 
whom Grass! and Schaudinn (130) must be specially mentioned. 
Consequently the life-cycle of these parasites is better known than 
that of almost any other Protozoa, and is now to be found described 
in every textbook. It will be sufficient, therefore, to describe the 
life-cycle of the species parasitic in human beings in brief outline, 
as typical of this class of parasites (Fig. 156). 

* Aragao and Neiva have observed in Plasmodium {Hcemocystidium) diploglossi 
that, in the male gametocytes on the slide, violent streaming movements occur, 
such as are the prelude, in other haomamoebae, to oxflagellation ; but formation of 
gametes was not seen. 
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The sporozoites introduced into the hlo6d by the proboscis of 
a mosquito are minute active organisms of slender form (Fig. 156, 
XIX.). Each sporozoite attacks a red blood-corpuscle and pene- 
trates into it. Within the corpuscle it becomes a small, amceboid 
trophozoite, which grows at the expense of the corpuscle (Fig. 156, 
I. — V.). A characteristic feature of the young trophozoite is tlie 
possession of a large space— probably a vacuole — in the body, 
which gives the parasite an appearance which has been compared 
to a signet-ring. As the parasite grows, this space disappears and 
the body becomes compact. The characteristic pigment is foriiK'd 
within the body of the parasite at an early stage of its growth, 
and as it increases in size the pigment-grains become more numerous. 
When the parasite is full-grown it is a schizont, and proceeds to 
multiply by schizogony (Fig. 156, 6—10). The body becomes 
rounded by cessation of the ammboid movement, and the nucleus, 
Iiitherto single, multiplies by repeated division. Then as many 
small daughter-individuals (merozoites) as tliere arc nuclei are 
budded off round the whole periphery of the schizont, leaving at 
the centre a small quantity of residual protoplasm containing the 
pigment-grains ; this is tlie characteristic rosette-stage, or corp? 
en rosace. The corpuscle now disintegrates, setting free the 
merozoites. 


The three species of human malarial parasites arc distinguished by diffc'r- 
ences in tlieir amadjoid activity, their elTects on tlie corpuscles, the number 
of merozoites produced, and other points, but more csixjcially by the time 
required for a complete schizogonous generation. Thus, in Plamnodkm vivax 
the growth and multiplication of the schizont roquin\s about forty-eight 
hours ; in P, malarice, seventy-two hours ; in P. falciparum^ twenty-four 
hours or an irregular time. The attacks of fever produced by the parasites 
occur when the rosettes are breaking up and setting free the merozoites, 
probably because the disintegration of the body of the parasite sets free 
toxic substances contained in it. Heneo in the tertian ague caused by 
P. vivax the fever returns every third day ; in quartan ague of P, malarioi, 
every fourth day ; while P. falciparum causes irregular or quotidian fevers, 
more or less continuous. 

The schizogony of the tertian and quartan parasites proceeds in the 
peripheral blood, but that of the pernicious parasite takes place more 
generally in the internal organs. The amoeboid trophozoites present them- 
selves under the most varied forms in the corpu.scle8 ; cspticialy noteworthy 
in the quartan parasite is the occurrence of haemogregarine-like forms 
(Billet, 664). 

There is some doubt as to whether the trophozoites arc in all cases within, 
or merely attached to, the corpuscles. Schaudinn (130) held at hrst the view 
that in all cases the parasites were intracellular, and that appearances tending 
to prove the contrary were the result of alterations duo to manipulation in 
making preparations. It is nevertheless maintained by many authors that 
some stages, at least, of the parasites are attached to the corpuscles ; Halber- 
staedter and Prowazek, for example, believe that in P. pitheci the trophozoites 
which develop into female sporonts are extracellular, whilst those which 
become schizonts are intracellular. 

Different species of haemamoebae differ also in the effects they produce on 
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parasite; combined diagram (the agures are 
All the agutc8Tbovo*tho'doMS'’r***®"^’ “’™® '“® sa^araatio). 

Schandinr?!^ maonS®"^^*'’? ^aamoiram after 

[Continued at foot of j). 361 . 
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the corpuscles. An effect commonly seen is the so-called “ stippling ” 
(Tiipfelung) of the corpuscles, which exhibit a dotted appearaiice (Sohuffner’s 
dots). 

The merozoitos, when set free, penetrate into other eorpnscdes, 
.and become in their turn trophozoites, which may either grow 
into schizonts again and repeat tlie process of multiplication by 
schizogony, or may grow int-o spo routs. As in (.^occidia, a number 
of generations of schizogony succeed each other before sporonts 
are produced. At first the })arasites are not sufficiently numerous 
to be perceptible in the blood or to evoke febrih* symptoms, and 
during tiiis, the so-called “ incubation-period,” s(diizogony nlon(‘ 
occurs, in all probability ; but when the numbers of the parasite 
are sufficient to affect the liealth of the host, tlie reaction of the 
host against the parasite probably stimulates the production of 
the joropagative phases. The trophozoites which grow into sporonts 

Fio. 1 50 continued : 

disappears ; in 0 the parasite is full-grown and its nucleus is beginning to 
divide. 7, 8, Progress of the nuclear divisions, complete in 8. U, Division 
of the body of the pamsito to form the merozoites ; the blood-corpuscle 
beginning to degenerate. 10, The parasite has divided up into sixteen mero- 
V zoites, leaving the pigment-grains in a small quantity of residual protoplasm ; 
the corpuscle has compb'tely disappeared and the merozoites are set free. 

VI., VlTcf., Vllb., Formation of the gametocytes of pernicious malaria 
{Plasmodium falciparum) ; the gametocytes arise from the intracorpuscular 
parasites by a series of stages similar to those represented in 11. — V., but 
without a vacuole in the body. In P. falciparum the ripe gametocytes have 
the form of crescents, as shown, but in the tertian and (juartan parasites the 
gametocytes are simply rounded, as Villa, and Vlllb. Vila., Male orescer»t 
with larger nucleus and .scattered pigment ; Vllf^, female crescent, with a 
smaller nucleus and the pigment more concentrated round it. (N.B. — Vila, 
and VII&. arc drawn on too small a scale ; the crescent should be as largo 
as XIII.) 

VITI. — XIII., Stages of the sexual generation of the tertian parasite in 
the stomach of the mosquito, after Schaudinn. o, Male forms; h, female 
forms. (In pernicious malaria the crescents round themselves off, become 
free from the corpuscle, and a.ssume forms similar to VIII. a and 6.) VIII., 
Rounded - off parasites free from the corpu.scle. IX., Gamete-forma- 
tion; in a the nucleus is divided into eight; in 6 the nucleus has passed to 
the surface of the lx)dy. X., Further stage ; in a the body of the gametocyto 
is throwing off the long slender miorogametes, one of which is represented 
free ; in 6 the nucleus is dividing to throw off a reduction-nucleus. XI., 
Process of syngamy ; a male pmete is seen penetrating the body of a female 
gamete. XII., Zygote shortly after fertilization ; the body is growing out 
and becoming vermiform, with the synkaryon at the hinder end ; male and 
female chromatin still distinct ; near the zygote is .seen a clump of degenerating 
microgametes. XIII., Motile ookinete formed from the zygote ; the syn- 
karyon, with male and female chromatin still distinct, is seen near the middle 
of the body ; the pigment-grains are at the hinder end of the body, whence 
they arc soon rejected. 

XIV. — XVIII., Sporogony: diagrammatic. The ookinete (XIII.) pene- 
trates the stomach-wall and becomes encysted (XIV.); its nuclei multiply 
(XV.), and it forms a number of sporoblasts so called (XVI.) ; in each sporo- 
blast the nucleus divides to form a great number of small nuclei, which grow 
out in tongue-like processes from the surface to form the sporozoites (XVII.) ; 
the ripe cyst contains great numbers of sporozoites with a certain amount of 
residual protoplasm ; the sporozoites when set free (XIX.) pass into the 
salivary glands, and thence through the proboscis into the Wood of the 
vertebrate again. 
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have, according to Schaudinn (130), no signet-ring stage in their 
development, but are of compact form, and grow more slowly than 
the trophozoites which become schizonts. The sporonts are of 
two types, male and female (Fig. 1S6, Villa., Vllli.) ; the male 
forms have a large nucleus and lightly-staining, clearer cytoplasm ; ^ 
the female forms haVe a smaller nucleus and more deeply staining 
cytoplasm. In the tertian and quartan parasites the sporonts are 
distinguishable from the scliizonts by their greater size and more 
abundant pigment in larger grains. In the parasite of pernicious 
malaria, the sporonts are further characterized by their sausage- 
like form (Fig. 156, Vila., VII6.), and are thereby easily dis- 
tinguishable from the rounded schizonts. 

The sporonts only undergo further change if taken up by a mos- 
quito of a species capable of acting as the specific host of the para- 
site. When human blood containing various stages of the parasite 
is ingested by a culicine mosquito, all stages of the parasite are 
digested with the blood ; but if taken up by an anopheline, the ripe 
sporonts resist the action of the digestive juices of the mosquito, 
and develop further in its stomach, while all other stages succumb. 
The sporonts burst the corpuscle in which tliey are contained, and 
round themselves off. In the male sporont the nucleus undergoes 
rapid fragmentation into some four or six nuclei (Fig. 156, IXa.), 
leaving a residual karyosomo at the centre of the body, as in 
Coccidimn (Schaudinn, 99). The daughter-nuclei place themselves 
at the surface of the body, and grow out with explosive suddenness 
into fine filaments of chromatin, ensheathed in a scarcely perceptible 
layer of cytoplasm (Fig. 156, Xa.). Each such filament is a micro- 
gamete, of slender, spirochaete-like form, without flagella, but 
endowed with powers of active movement. The microgametes 
lash about violently, often dragging the body of the sporont after 
them, and presenting a superficial resemblance to flagella, which, 
indeed, they were formerly thought to be ; hence the process of 
microgamete-formation, which can be observed without difficulty 
in freshly-drawn blood, was thought to represent a flagellated 
“ Polymitus ” stage of the parasite, and was termed “ exflagella- 
tion.” The microgametes by their movements finally become 
detached, and swim aw^ay from the body of the sporont, which 
perishes as residual protoplasm. 

In the female sporont the nucleus divides to give off a reduction- 
nucleus (Fig. 156, X6.) ; it is then ripe for fertilization by a micro- 
gamete (Fig. 166, XI.), which penetrates the body and fuses with 
the female pronucleus. The zygote then changes from a rounded 
form into an elongated vermicule, termed an “ ookinete ” (Fig. 156, 
XII., XIII.), which moves by gliding movements, like a gregarine. 
The ookinete bores its way through the lining epithelium of the 
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gnat’s stomach, and comes to rest in the subepithelial tissue ; here 
it rounds itself off and forms an oocyst (Fig. 156, XIV.), becoming 
surrounded by a delicate membrane, which is not, however, of a 
t(jugh and imjjcrvions naturelike a coceidian oocyst, since tlio parasite 
^continues to absorb nutriment and to grow in size, bulging out the 
stomach-wall towards the body-cavity. As it grows, the originally 
single nucleus of the zygote multiplies by binary fission, and the 
cytoplasm becomes concentrated round each nucleus to form a 
“ sporoblast,” so called (Fig. 156, XV., XVI.). In each sporoblast 
the nucleus divides repeatedly, and then the surface of the sporo- 
blast grows out into slender tonguc-liko processes, each carrying 
out one of the nuclei in it (Fig. 156. XVII.). Thus a vast number 
of minute sporozoites are formed by a process of multiplication 
recalling that seen in the schizogony of Agoregata or Porofipora. 
Finally the cyst contains .some hundreds, or even thousands, of 
sporozoites, together witli a certain amount of residual protoplasm, 
in which the melanin-pigment of the macrogametc is contained 
(Fig. 156, X VIII.). The ripe cysts burst and scatter their contents 
in the body-cavity (hmmococle) of the mosquito ; the sporozoites 
pass by means of the blood-currents to the salivary glands, in 
whi(;h they collect in vast numbers. The mosquito is now infective ; 
at its next feed, which is usually the fourth, counting as the first 
that by which it first took up tlic parasites in the infected blood, 
the tiny sporozoites pass with the salivary secretion down the 
proboscis into the blood of the man on whom the mos(piit(^ f(*eds, 
and so produce a new infection. 

A disputed point in the life-cycle is the manner in which relapses are brought 
about in malarious persons ; as is well known, j^ersons who hav(^ had malaria 
may have fresh attacks of the disease? under conditions which preclude infec- 
tion by mosquitoes, and leave no doubt but that the parasite has been present 
in the body in a latent or inconspicuous condition, and has for some reason 
reacquired the power of multiplication until its presence becomes ix?rceptible 
again. Two views have been put forward to explain relapses. According 
to Schaudinn (130), in the healthy intervals all forms of the parasite have 
died off except the female sporonts, which are the most resistant forms of the 
parasite, and maintain their existence in a resting state ; when, however, the 
conditions occur, whatever they may be, which favour a relapse, the female 
sporonts multiply parthcnogenetically (Fig. 72, p. 137), and produce a brood 
of mcrozoites which are the starting-point of a fresh series of schizogonous 
generations. Ross, on the other hand, believes that in the healthy intervals 
the number of parasites in the blood memly falls below that sufficient to pro- 
duce febrile symptoms, and that a relapse is brought about simply by an 
increase in the numbers of the parasites present. 

The number of cysts formed in the stomach of the mosquito may bo very 
large, 500 or more ; and the cysts themselves vary in size considerably, some 
developing only a few hundreds of sporozoites, while in others they are to be 
counted in thousands. Even in mosquitoes of a species susceptible generally 
to a particular species of malarial parasite, however, the sporonts do not 
succeed in every case in passing through their sexual stages and developing 
normally (compare Darling, 669). In many cases also the cysts degenerate 
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and form masses of pigment, the so-called “ black spores ” of Ross. Similar 
degeneration- phenomena have been observed by Schaudinn (147) in the 
oocysts of Cydospora caryohytica, and may be compared to the transformation 
of chromidia into pigment in the degeneration of Adinosphairium in cultures 
(p.209). 

The exflagellation,” or formation of microgametes, which takes place, 
under normal circumstances, in the stomach of the moscpiito, can b(^ seen also 
in blood freshly drawn and examined on a slide, if ripe sporonts are present. 
The process is greatly furthenul by lowering the density of the blood — for 
example, by adding to it not more than one-tifth of its volume of ordinary 
water, or by simply breathing on the blood when drawn (compare Neumann, 
677). 

Tt is curious that, while so many exiwrimenters have established absolutely 
beyond all doubt the transmission of ha^mamcebai by mosquitoes, those of man 
by anophelines, and those of birds by culicines, no experiments seem to have 
been jx’irformed to determine how long a mosquito, once infected, remains 
infective without being reinfected. In other cases of similar transmission, 
such as that of trypanosomes, yellow fever, etc., it is known that the inverte- 
brate host, once rendered infective, remains so for a very long time, probably 
for the rest of its life. In the case of malarial parasites this point remains to 
be tested experimentally. 

The haemamcebao of Primates have been studied by a number of investigators, 
and several sfxjcies distinguished : Plasmodium kochi (Laveran) from the chim- 
panzee and various African monkeys ; P, pithed from the orang-outang, and 
P, inui from Macacus spp. (Halberstacdter and Prowazek, Mathis and Lcger, 
473) ; P. cynomolgi from Macacus cynomolgus (Mayer, A.P,K,, xii., p. 314 ) ; 
and P. hrasilianum from the ouakari, BracJiyurus calvus (Bcrcnberg-Gossler). 
The schizogony appears to be generally similar to that of the species parasitic 
in man ; ring-stages occur, and the multiplication is in some cases similar 
to the tertian, in other cases to the quartan parasite. Binuclcate trophozoites 
are of common occurrence, and binary fission also occurs (Flu, A.P.K., xii., 
p. 323). A striking feature of monkey- malafia is the comparative rarity 
of multiplicative phases, which may be in relation to the fact that these 
parasites cause no appreciable symptoms of disease in their hosts ; in both 
respects they are comparable to non-pathogenic trypanosomes. Transmission 
is probably effected by anopholine mosquitoes (Mayer). 

In bats two distinct forms of intracorpuscular parasites have been described 
under distinct generic names ; Polychromophilus, from Vespertilio and Miniop- 
terns spp., and Achromnticus, from Vesperugo spp. These two genera are 
distinguished by the fact that Polychromophilus produces melanin-pigment, 
and Achrorrujdicus docs not. Pohjehromophilus is apparently an ordinary 
h.Tmamoeba which should bo included in the genus Plasmodium. Adiro- 
maiicus, on the other hand, appears, from the recent investigation of Yakimoff 
and others (753), to be a true piroplasm (see below). 

Plasmodium vassali from squirrels has ring-like young trophozoites, and 
its schizogony takes place by binary or multiple fission, more commonly the 
former ( Vaasal) ; some forms of the parasite figured resemble Piroplasma. 

The life-history of the Pro<eo.«o»ia-parasite of birds has been studied in 
detail by Neumann ; the principal phases of the parasite are essentially similar 
to those of the haemaraoebaB parasitic in man. Experimenting with canaries, 
Neumann transmitted the infection by means of Stegomyia fasciata, but this 
mosquito was found to be less efficient as a host for Proteosoma than the 
species of Ctdeye. Of Stegomyia only ir4 per cent, developed ripe cysts, as 
against 86 per cent, of Gulex ; the development of the parasite is accomplished 
in nine to eleven days in Gulex^ in thirteen to fifteen days in Stegomyia ; and 
a far smaller number of the parasites succeed in developing in Stegomyia, in 
which the maximum number of cysts se.cn in the stomach of any mosquito 
was thirty-six, while in Gulex much larger numbers, 600 to 1,000, are recorded. 

But little is known of the life-cycle of the reptilian hsemamoebse of the 
genus HcemocysHdium, Aragao and Neiva have described schizogony of the 



THE HiEMOSPORIDlA 


3G5 


ordinary multiple type, taking place in the blood-corpuscles, in //. tropiduri 
and H. diploglossi. According to Dobell, however, tlu', schizogony of 
H. simondi consists simply of binary fission as a rule, soinctimes of division 
into four. The male and female gamctocytes, sharply diflerentialed by tlicir 
staining properties in this as in other sjx^cics, are stated also to have I lie 
jiucleus divided into two when mature ; Woodcock (087), however, dispu(<'s 
the correctness of Dol)eirs interpretations. In no case as yet is the inverte- 
brate host of any Hcemocystidium known. 

2. The llalteridia . — The cliaractoristic form of parasites in this 
section, only known to occur in the blood of birds, is an organism 
which is found within the nucleated red corpuscle, and which does 
not displace the nucleus of the corpuscle, but grows round it into a 
halter-like form, whence the name Halteridium given to it by 
Labbe. Hence the parasite is easily distinguished from Prolcosoma, 
which is more compact in form, and Avhich displaces the nucleus of 
the corpuscle. Halteridium is amceboid, but the form-elianges 
are generally slight ; it produces the characteristic melanin-pigment 
in abundance ; and when the blood is drawn, “ exflagellation of 
the ripe male sporonts takes place V(uy readily. TSot merely the 
gamete-formation, but the subse(picnt fertilization and the for- 
mation of the obkincte, can be observed on the slide. It is in this 
form that Macallum first followed out tln^ whole process, and so 
made clear the true significance of the “ Polymitiis ” stages in the 
malarial parasites. 

The correct generic name for the 7/a//mV/iWW-parasite is b(‘liev('d 
to be Hcemoproteus. Labbe considered the halteridia of diffeient 
birds to be all one species, to which he restricted the specific name 
danilewshji (Grassi and Eeletti). By other naturalists several 
species have been distinguished and named after the birds in which 
they occur, as II. noclux of the little owl, II, columbx of pigeons, 
etc. The halteridia of different birds show considerable diffcinmces 
in form, structure, and appearance, and there can be no doubt that 
there are many species of these parasites ; but it by no means 
follows that a given species is restricted to a particmlar host. It is 
probable that in some cases one and the same species may be 
capable of infecting several species of avian hosts. The bergent 
brothers were unable, however, to infect canaries with II. cvlufnbx 
of pigeons. 

The life-cycle of these parasites has been the subject of con- 
flicting statements. We shall consider first the type of develop- 
ment made known by the Sergent brothers (686) in part, and more 
fully by Aragao (Fig. 157). The development described by Schau- 
dinn (132), to which the utmost doubt attaches, will be dealt with 
later (p. 390). 

The invertebrate host of H. columbx is a biting fly of the genus 
Lynchia, of the dipterous family Hippoboscidx. Those flies, though 
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provided with wings (some genera of tliis family, such as M elophapis, 
the common sheep-ked, are wingless), are extremely louse-1 ik(5 in 
appearance, and creep in the plumage of birds ; they attack nest- 
lings as well as adults—a fact which explains the appearance of tlie 
infection in pigeons before they have left the nest. 

When blood containing the parasites is taken iij) by a Lynchia, 
the ripe gametocytes burst the corpuscles in which they are con- 
tained, round themselves off, and form gametes, in the manner 
already described for haunanimba?, in the stomach of the fly 
(Eig. 157, Z), E). Fertilization then takes place, and ookinetes are 
formed (Fig. 167, F — J). Practically the only difference from the 
luemamceba; is that the ookinetes get rid of their melanin-pigment, 
which is cast off in a small bead of protoplasm at the hinder end. 

The ookinete grows considerably larger than the full-grown 
halteridia of the blood. The development of the parasite does not 
proceed further, apparently, than this stage in the fly, and it is the 
ookinete which is inoculated back into the bird’s blood by the 
Lynchia. 

At this point there is a gap in the development which it remains 
for further observations to fill up. Thirteen or fourteen days after 
the actual infection by the fly the parasite makes its first recorded 
appearance in the pigeon, within a leucocyte which is adherent to 
the wall of a blood-capillary, so that possibly the previous develop- 
ment of the parasite has taken place in an endothelial cell (Aragao). 
The parasite has the form of a small round body contained in the 
cytoplasm of a leucocyte (Fig. 156, K) ; it has a single nucleus of 

Fio. 157. — Developmental cycle of llosmoproteua columbcB, after Aragao (083). 
A, Youngest halteridia in the blood-corpuscles: a, female; b, male; H, C, 
growth of the gametocytes, female (rt) and male (5) ; D, gametc-formatioti : 
a, reducing division in the female gametocyto; b, division of the nucleus of 
the male; E, ripe gametes: a, female; b, male (“ Polymitus ” stage); F, 
copulation of male and female gametes ; G, the zygote ^ginning to assume 
the o()kincte-form ; H, the oiikinete with pigment in the body ; I, the pigment 
passing to the hinder end of the body ; J, the ookinete after it has got rid of 
the pigment. 

K, Youngest stage in the leucoc 3 rte in the lung of the pigeon ; L, the pre- 
ceding stage has divided into a number of small individuals, each with one 
nucleus, and the leucocyte has increased in size ; M, the individuals of the 
last stage have grown in size and become multinucleate ; the leucocyte still 
further enlarged ; N, further advance on the last ; 0, the greatly hypertrophied 
leucocyte contains a number of multinucleate masses ; P, Q, further multi- 
plication of the nuclei ; the leucocyte beginning to break down ; 11, the multi- 
nucleate masses become divided into a vast number of small uninucleate 
individuals, which are set free from the leucocyte by its disintegration, and 
which penetrate into blood-corpuscles and there become the youngest halteri- 
dia, as in A. 

The stages D — J are passed through in the fly {Lynchia), the stages K—G 
in the pigeon. Between J, the last stage seen in the fly, and K, the earliest 
stage yet found in the pigeon, is a gap which it remains for further investigation 
to fil. 

The stages U — J are drawn rather too small in proportion to those pre- 
ceding. 
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irregular form, often seen in process of division. The parasite 
grows, its nucleus multiplies, and it divides into a number of small 
bodies, twelve to fifteen in number, eacli with one nucleus 
(Fig. 156, L). During this process the leucocyte also increases 
in size. Each of the small bodies produced by division grows# 
rapidly in its turn, and its nucleus divides repeatedly to produce a 
very largo number of nuclei, which become arranged in clumps 
resembling tlie s2)oro blasts of a malarial parasite (Fig. 156, JI — 0). 
Finally each mass becomes divided into a great number of 
minute “ merozoites ” of irregular form (Fig. 156, P—U). During 
this process tlie leucocyte first becomes greatly hypertrophied, and 
finally breaks down altogether, setting free the merozoites, wliich 
pass into the blood and attack the blood-corpuscles, into which they 
penetrate and become the young halteridia (Fig. 156, A). The 
development in the lung that has been described takes about 
twelve days, so that the youngest parasites make their appearance 
in the circulating blood about the twenty-sixth day after infection 
by the fly. 

In the blood - corpuscles the youngest halteridia are minute 
bodies with a single nucleus, which grow into tlie adult form, and 
become male or female gametocytes, readily distinguisliable by tlie 
characters of the cytoplasm, which is darker in tlie female, and of 
the nucleus, which is larger in the male (Fig. 156, B, C). No multi- 
plication takes place in the red corpuscle ; the sole multiplicative 
stage known with certainty is that in the lung. Consequently, in 
the pigeon the infection dies out after a time, unless re-infections 
take place, and the degree to which parasites abound in the blood is 
related directly to the number of infected flies fed on the bird. This 
may not be equally true, however, of other species of these parasites. 

From Aragao’s account it would appear that in H. columbee only male and 
female Jialtcridia (sporonts) occur. In other epi^cies, however, indifferent 
forms occur also, which, it may be supposed, are destined as schizonts to 
repeat the process of schizogony, and so to maintain the infection in the 
bird, like the schizonts of the malarial {larasites. Anschutz has described 
in //. onjzivorcc (of Padda oryzivora) a process of schizogony taking place in 
the circulating blood. 

The development of the halteridia in the leucocytes may bo considered, 
probably, as eipiivalent to the schizogony of the malarial parasites. On this 
interpretation tho missing part of the development is that which corresponds 
to the sporogony of tho malarial parasite, and which in this case is either 
suppressed entirely (“ aposporogony,” Aragao), or takes place in tho verte- 
brate host, in some manner yet to be described, instead of in the invertebrate. 
The absence of sporogony, and of any but tho sexual phases, in the Lynchia, 
doubltess explains the short duration of tho infectivity of the fly ; according 
to Aragao, if tho flies are fed for three days on clean pigeons, they cease to be 
infective. Some of tho stages in the lung show a certain resemblance to the 
sporogony of tho malarial parasites, especially the formation of sporoblast- 
like masses, which, however, are probably more comparable to tho schizonto- 
cytes of Caryotropha than to true sporoblasts. 
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is occupied by an oval, compact mass of cytoplasm containing a 
nucleus. By some this mass is regarded as the whole parasite, by 
otliers as its endoplasmic region alone. In the female forms the 
cytoplasm is dense and stains deeply, and the nucleus is relatively 
small, with a distinct karyosome sometimes placed eccentricallv. 
In the male forms the cytoplasm is paler, and the nnudi larg(T 
nuchnis stains feebly, with a difluse granular structure and with- 
out a conspicuous karyosome. Stretched along one side of the 
body of the parasite is the nucleus of the host-cell, compressed, 
usually more or less drawn out, and staining deeply. The surface 
of the body is covered by a thin membrane, which is ])rolonged 
usually into two horn-like processes at the two poles of the body. 
It is doubtful whether these two processes consist solely of the 
substance of the host-cell, or whether they contain ectoplasmic 
extensions of the parasite also. In any case it is certain that the 
parasite modifies the host-cell in a singular manner. It is also 
disputed whether the host-cell itself is an erythroblast or a mono- 
nuclear leucocyte. Most recent investigators, however, incline 
to the latter view ; but Keysselitz and Mayer (A.P.K., xvi., p. 237) 
state that the host-cell is an erythroblast. No melanin-pigment is 
formed. 

'J'he young forms of the parasite are compact, rounded, or 
luemogregarinc-like, contained in white cells with a large nucleus, * 
and without the horn-like processes eharacderistic of the adult. 
Fantliam (689) has described in L. lovati of the grouse multiplica- 
tion by schizogony taking place in the spleen. The schizonts pro- 
duce a number of merozoites which escape into the blood, and 
doubtless give rise to the young forms of the leucocytozoa. The 
periodicity of the sexual forms in the blood observed by Mathis 
and L6ger (473) depends, probably, on successive schizogonous 
generations occurring in tlie internal organs, such as Fantham has 
described. 

The method of transmission and the invertebrate host are as yet 
unknown. If blood containing the parasites in the condition of 
ripe gametocytes be drawn, the sexual phases and fertilization can * 
be studied without difficulty on the slide. The female gametocytes 
round themselves off, losing their spindle-like form, and burst their 
envelope. The male gametocytes contract themselves into two or 
three rounded masses, which give off about eight thread-like 
microgametes altogether, in a manner similar to the “ exflagel- 
lation ” of the malarial parasites. The microgametes become de- 
tached and fertilize a female. 

Schaudinn (132) gave an account of the development of these parasites 
which cannot be accepted as correct. According to him, L. ziemanni of 
Athene, noctm is in reality the resting stage of a large trypanosome, which 
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when full-grown attaches itself to an crythroblast and develops into the 
leiieocytozoon, losing its locomotor apparatus. The large trypanosomes in 
question were supposed to he the sexual, propagative phas(*s, male and 
female, of a very minute spirochmtc-like tryt)anosome, which re})resen((‘d the 
inditfercnt, multiplicative form of the parasite, 'riie existc-nce, howevcT, of 
young forms of the hmcocytozoon, no less than the schizogony discovered l)y 
iPantham, disprove (‘ntirely any such origin from trypanosonu's. 

In corresj)ond<Mice with his ideas upon the natun' and orgin (»f leiicoeytozoa, 
Schaudinn regardt'd the nucleus of tln^ female forms (Fig. ir)K. H) as con- 
sisting of a trophonucleus with a kinetonnehuis (“ hlej)haroplast ") clos*^ 
beside it ; while tlie nucleus of the male leuco(!ytozoon (Fig. 158, .1) was sup 
posed to consist of a cluster of .«mall trophonuclei, ('aeh with a small kineto- 
nuch'us beside it, pn'cocious divi.sion of the two nuclei of the “ male lry|)ano- 
some ” being sujiposed to have produced a number of couples of nuchu in nwli- 
ncss for gamete-format ion. These cytological interpndat ions cannot beu[)held. 
There is nothing in the structure of the nucleus of tlui male leucocytozoon to 
support t-lu; notion that it is not a single large nuchuis, and the blepharo- 
plast ” of the female form appears to be simply tlu? karyosome, eccentric in 
position. 

Schaudinn also described what ho lx?lieved to be the deveIoj)ment of 
Leuconftoznon (or, as he named it, Spirocha'tu) ziemanni in Culex pipiens. 
Acconiing to his account, the ookinete beeanu'. an elongated, worm-like body 
which divided up to produce an immense number of spirocluetes, or V('ry 
sh'.nder trypanosomes. The 8pirocha‘l(;s were stated to find their way into the 
Malpighian tubules, where they multiidied and occurnal in vast Jium})ers. 
The spiroclnctes, inoculated by the mosquito into the blood of the owl, there 
became tin; “ inditfercnt form of the leucocytozoon.” 

The stateiiKuils of Schaudinn with regard to the dovelopnnmt of Lruron/tih 
zoon have received no confirmation, in spite of the efforts of th(? Sergent 
brotlusrs to find experimental proof for them. These investigators W(iro 
unable to obtain any development of the leucocytozoon in CiiUx, or to 
transmit the parasite from owl to owl by tins agency of mos(|uitoes. 1'liey 
found, however, that moscpiitoes w'(we commonly infected with s|)irochirtes 
in the. Malpighian tubules, but injection of th(*sc spirocha‘t(!8 into tlu^ owl 
produced no infection with Leucocytozoon, and then^ can bo no doubt that 
the spirochades in question wen? true spirochades, not connected in any way 
with either trypanosomes or leucocytozoa. Mayer (685) obtained only 
ookinetes, apparently similar to those t)f haltcridium, but non-pigmented 
and slightly larger, in mosquitoes fed on owls infected with leucocytozoa, and 
observed no sign whatever of nuclear multiplication in the ookinetes ; Wood- 
cock’s unpublished results were practicjilly the same as those of Mayor. 
Mathis and L6gcr (473) obtaimul no development of L. sahrazesi in mosquitoes, 
bugs, and leeches, fed on well-infected fowls, nor could they bring about 
transmission by means of mosquitoes. 

4. The Hcemogregarines,~Va,YB^m\^H of this type have been 
found in the blood of all classes of vertebrates, and are especially 
common in cold-blooded animals, such as fishes and reptil(‘s. 
Until quite recently, hsemogregarines were not known to occur in 
birds ; but Aragao (692) has described a number of species para- 
sitic in the leucocytes of various species of birds in Brazil. It is 
a curious anomaly of the distribution of these parasites that, 
while common in marine fishes, they are not known in fresh- 
water fish, with the sole exception of the eel. While in other 
classes they are parasitic in the red corpuscles, in mammals they arc 
parasitic in either the red or the white corpuscles, but more com- 
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monly in the latter as the so-called “ leucocytozoa,” not to be con- 
fused with the true leucocytozoa dealt with in the last section. 

Haimogregarines present themselves usually as more or less 
elongated parasites of quite definite form, sausage-shaped or worm- 
like, not amoeboid, lying within the blood-corpuscle. The middl^ 
of tlie body is occupied by a conspicuous nucleus, and there are 
often numerous metachromatin ic grains in addition, but no melanin- 
pigment is produced. The imrasite may bo liberated from tlie 
corpuscle as a free vcrmicule, the resemblance of wliich to a small 
gregarine is accentuated by its active gliding movements ; liberation 
of the vermicules may often be seen when the blood is drawn, but 
no “ exflagellation ” ever occurs, since, as will be seen when the 
development is described, the microgametes arc formed in a manner 
totally different from that characteristic of the htemamoobie. 

In many haemogregarincs the body of the parasite, when lodged 
within the blood-corpuscle, is enclosed in a distinct capsule or mem- 
brane, which may be of considerable thickness, and often stains 
deeply. When the parasite is liberated from the corpuscle, the 
capsule may be left behind as a conspicuous enclosure of the cor- 
puscle, which has puzzled some observers, and has even been 
described as a distinct form of parasite (compare Sambon and 
Seligmann). In H. hicapsulata the capsule is thickened at the two 
extremities of the sausage-shaped body to foim two caps, plainly • 
visible in the living condition, and staining a bright red colour in 
preparations made with the Romano wsky-stain (Franca, 712). 

Different species of hiemogregarines differ considerably in their 
appearance and size relatively to the blood-corpuscle in which they 
are lodged, and distinct genera have been founded on these differ- 
ences ; but as yet the complete life-cycle is known in so few cases 
that it is not possible at present to draw up a classification of these 
parasites that can have any pretence to be natural. 

The following aro tho principal genera that liave been suggested for these 
parasites. LanJcesterdla {Drepanidium) is of very small size, the full-grown 
vermicule being not more than two-thir^ of tho length of the blood- corpuscle ; 
type, L. ranarum {minima), parasitic in tho blood-corpuscles of the frog. 

In Karyolysus tho parasite is about tho same length as the corpuscle, or 
slightly shorter ; the generic name is derived from the action of the parasite 
on the nucleus of the host-cell, which is often broken up and “ karyolysod,” 
though not invariably. This form of parasite is especially common in Roptilia 
Squamata, lizards and snakes ; type, K, lacertarum. In tho genus Heemo- 
gregarina (sens, strict.) the full-grown vermicule is much longer than tho 
corpuscle, witliin which it is doubled on itself in the form of tho letter U, 
with tho nucleus situated at the bend ; typo, //. atepanoivi of European water- 
tortoises, Emya lutaria and Ciatudo europoaa. Finally there are the “ leuco- 
cytozoa ” of mammals, for which tho generic names Hepatozoon, Miller, and 
heucocytogregarina. Porter, have been proposed ; if it becomes necessary to 
separate them from the genus Hcemogregarinay Miller’s name has the priority, 
as Wenyon (690) has pointed out. The fact, however, of parasitism in a white 
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corpuscle, instead of a red, dt)cs not of itself supply adoejuate- grounds for a 
generic, or oven for a specific, distinction, since in some siwcit's— for example, 
//. agarmE—iha parasites may occur either in white or retl corpuscles (Laveran 
and Pettit). Tor the present, therefore, these Icucocytozoa, so ealled, may 
remain in the genua HmmogreganmyUntW greater knowledge of the life-histories 
«f hcemogregarincs makes p<3ssibl(; a natural classification of these organisms. 
A luemogregarine of leucocytic habitat has been described also from a frog 
by Oariiii iSoc. Sci., Sao Paulo, 1007, p. 121). 

As a type of the life-cycle of the haemogregarines may be taken 
//. stf.panowi (Fig. 159), which has been studied by lleichcnow (78). 
The chief points in this author’s account of the life-history are con- 
firmed in essential details, but with specific variations, by that 
given by Kobertson (725) for the life-cyclo of //. nicorice^ In both 
cases the developmental cycle in the tortoi.se comprises tw'o forms 
of schizogony, the one producing scliizonts, the other sporonts ; 
and the invertebrate host is a leech. 

(1) The sporozoite penetrates into a blood-corpuscle, and grows 
into a long vermicide, which is at first doubled on itself (Fig. 159, F). 
The two limbs of the U-shaped body within the corpuscle fuse 
together to produce a bean-shaped parasite— the macroschizont. 

(2) The macroschizont of II. stepanowiy remaining within the 
blood-corpuscle, goes through its schizogony in the bone-marrow 
of the tortoise, producing some thirteen to twenty-four maijromero- 
zoites (Fig. 159, B, G). Tlie number produced is larger in the earlier 
stages of the infection than in older infections (Fig. 159, 1)—II). 
In //. nicorice, however, the macroschizont is set free in a capillary 
of the lung, and there produces about seventy macromerozoites. 

Ill the account of the schizogony given byRcichenow, the significance of the 
recurved visrmicules is not clear. In drawn blood they can bo observed to 
bo set free from the blood-corpuscles, and then, as free vcrmiculos, to 
exhibit active iwwers of movement, which indicate the oxistcnco of some sort 
of locomotor apparatus, probably of myoncracs. Acoonling to Roichonow, 
however, liberation from the corpuscle never occurs normally within the 
body of the tortoise, but the recurved vermicule remains within the blood- 
corpuscle in which it has grown up, and its two limbs fuse to form the body 
of the bean-shaped macroschizont. If that is so, it is difficult to understand 
why the motile vermicule is over developed. One is inclined to suspect that 
it becomes free from the corpuscle in which it has developed, and as a “ schizo- 
kineto ” (Minchin and Woodcock, 483) finds it way as a motile vermicule 
to the bone-marrow (or lung in H. nicorice), where it penetrates another 
corpuscle (or remains free in a capillary vessel, //. nicorm) and becomes the 
macroschizont. 

(3) The macromerozoites produced penetrate into blood-cor- 
puscles, and may (a) repeat the development already described, and 
become macroschizonts again ; or they may (b) develop into micro- 
schizonts, which produce micromerozoites in small numbers, 

* Nothing in the work of these authors confirms in any way the peculiar account 
of the life-history of //. stepanowi given by Hahn, whose work is criticized by 
Reichenow. 
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Fig. 159.— Life-oyclc of Ilamogrcffarina atepanowi. The figures to tlio right of 
the dotted line represent the phases in the blood of the tortoise : those to the 
left, the phases m the leech 

[Continued at foot of p. 376. 
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destined to grow into gametocytes (Fig. 159, J — L), In //. sic'imiowi 
tlie mieroscliizont sporulates in tlie bone-marrow or in tlie eircu* 
lating blood, and produces six mier'omerozoites. Tn //. niconce 
it sporulates only in the circulating blood, and produces six to 
(Wglit micromerozoites. 

(4) The micromerozoites penetrate into a blood-corpuscle, and 
may (a) repeat the microsehizogony, or {h) develop into sporonts 
(gametocytes). 

(5) The sporonts (Fig. 159, J/S 3P) arc sexually differentiated. 
Th(;y repres(Mit tin? end of the development in the tortoise, and can 
only develop further in a leech. //. stepnnowi develops in IHacoh- 
della catenujera (^Hmrnentena costala), H. 7iicorm in Ozofminchus 
shipleyi. 

(6) When the leech siu^ks tlu^ blood of an infected tortoise, it 
may take up every stage of the parasite into its stomach, where, 
however, all stages arc digested except the sporonts, which resist 
digestion and pass on into the intestine. There they associate in 
couples, male and female together. The male sporont produces 
four microgametes, and one of the four penetrates the maerogamete 
and fertilizes it (Fig. 159, N — B). 

(7) The zygot(; forms an oocyst with a thiji membrane, and 
divides within it into eight sporozoites (Fig. 159, *S— f7), which 

' pass into the blood-spaces and collect in the dorsal blood-vessel of 
tli(! leech. Hov\' they pass from thence into the tortoise is 
uncertain. 

The existence of two types of schizogony— macrocysts producing macro- 
merozoites, and inicrocysts producing micromerozoites— in the cycle of the same 
s|)ccies of luemogrcgarine, has long been known, but without the signilicanco 
of this fact being understood. 

While the lihi-history described al)ove is very j)robably typical of tlie liamo- 
grogarines of aquatic cold-blooded vertebrates, where the intermediate host 
is a leech, that of terrestrial animals, so far as it is known, is of a somewhat 


Fia. 159 continued : 

A, Sporozoite ; B, C, early schizogony, in which a large number of mcro- 
zoites are produced; B, mcrozoitc penetrating a blood-coipusole ; E — //, 
later schizogony, in which few merozoites arc produced ; in F the recurved 
vermioulo within the corpuscle is sten ; I, free merozoite about to ptmetrate 
a corpuscle and recapitulate the stages D — II, or to initiate the next phase ; 
J, K, the stages of the final schizogonous generation which produces the 
gametocytes ; L^, L^, Bcxually-differentiated merozoites of the final generation, 
which grow up into male (if *) or female (M^) gametocytes lyspcctivcly ; these 
arc the stages which develop in the leech when taken up by it. 

N, Association of male and female gametocytes in the gut of the leech ; 
0, formation of four male gametes by the male gametooyto ; P , one of the 
male gametes has penetratcjd into the body of the female gamete, and the 
two pronuclci are undergoing fusion, with formation of a fertilization-spindle ; 
Q, zygote with synkaryon and the degenerating remains of the male gameto- 
cyte attached to it, which is seen also in the next four stages R, 8, T, succes- 
sive divisions of the synkaryon ; U, ripe cyit containing eight sporozoites, 
residual protoplasm, and the remains oi the male gametes. 

After Reichenow (78), modified in arrangement. 
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difforgnt type. In ilicso cases the invertebrate host appears to be always 
an ectoparasitic arthropod. The only life-cycle of such forms which has been 
described completely is that of the parasite of the leucocytes of rats, which 
has boon described by Miller under the name Hepatozoon perniciosum. This 
parasite appears to be identical with that named by Balfour (694) LeucocyU)- 
zoon muris and by Adio L. ratii ; its correct name, therefore, is Hoemogregarina 
[Hepatozoon) muris. According to Miller, this parasite causes lethal epidemics 
amongst tamo rats, but in London it occurs commonly in the blood of wild 
sewer-rats, and api^ears to be (piite harmless to them. It is a parasite of world- 
wide distribution, apparently, having been recorded from rats in the Punjaub 
(Adio), Khartoum (Balfour), North America (Miller), Brazil (Carini), and various 
other parts of the world (see Franca and Pinto, iii., p. 207). 

The lifc-cycle of 11. wMm, according to Miller, is in the main as follows: 
'J’lie sporozoit(\s arc liberated in the intestine of the rat, and 2 )a 8 s through the 
wall of the gut into the blood-stream ; they may be found in the circulation 
tw(mty-four hours after infection. Ultimately the sporozoites reach the 
liver and jxinctrate into liver-cells ; in this situation they grow into schizonts, 
which when full-grown sporulato to produce some twelve to twenty, usually 
about sixteen, merozoites. The mcrozoites may pemetrate into livcr-cells 
again and rcj)cat the schizogony, or they may pass out into the capillaries 
of the liver ; in the latter event they are taken up by leucocytes, doubtless 
as an act of phagocytosis. The merozoites arc able, however, to resist any 
digestive action of the leucocytes ; they become cncapsuled in the leucocytes, 
and in this state they arc carried into the general circulation. They do not 
increase in size in the leucocytes, and their further development, so far as the 
rat is concerned, is at an end. Hence the “ Icucocytozoon ” of the rat is an 
cncapsuled nu^rozoite of a ha?mogregarine which, strictly sj^eaking, is a para- 
site of the rat’s liver, and not of the blood at all ; in the leucocytes its role is 
one mendy of i)assivc resistance. These mcrozoites represent at the same time 
the s]X)ronts, the propagative phase which develops further in the inverte- 
brate host, in this case a rat-mite, Lcelaps echidninus, which sucks the rat’s 
blood, and so takes up the i)arasitc into its stomach. 

In the stomach of the mite the ha-mogregarines are set free as motile vermi- 
culcs which associate in coujdes. According to Miller, this association is a 
true copulation of two gametes which fuse into a zygote ; from tlie analogy 
of the life-cycle described above, it is more likely that some ^ages have been 
overlooked, and that the vermicules are gamctocytcs which associate, with 
subsequent production of gametes by the male and fertilization of the female 
by a microgametc. 

The zygote, however fonned, becomes a motile ookinete which passes 
through the wall of the g\it into the body-cavity of the mite, and there forms 
an oocyst which, like that of the malarial parasites, has a thin wall, permitting 
the ixirasite to absorb nourishment from the surrounding tissues and to grow 
to a largo size. When full-grown, the contents of the oocyst divide up into a 
largo number of sporoblasts, each of which becomes surrounded by a dclieatc 
sporocyst. The contents of the spore divide up into some twelve to twenty 
sporozoites, and then the develojmient of the parasite is at an end so far as 
the mite is concerned. The cyst and spores are the propagative phase, and 
in order that they may develop the mite must be eaten by a rat ; if this occurs, 
the sporozoites are liberated in the stomach and the cycle is complete. 

In the case of other mammalian haemogregarines, fragments of the develop- 
ment are known which indicate a lifc-cycle similar in the main to that of 
//. muriSy allowing for specific differences. Forms parasitic in the red blood- 
corpuscles are II. gerhilli of Oerbillus indicus (Christophers, 699) ; H. hdfouri 
[jaetdi) of the jerboa (Balfour, 693) ; and the three species recently described 
by Welsh and others [Joum. Path. Bact.y xiv.) from marsupials, one of which 
[H. peramdis) is remarkable for having been found only in the free, extra - 
corpuscular condition. The schizogony of II. gerbilli has not been described, 
but that of H. jaculi takes place in the liver, and is of two typos, producing 
in the one case a largo number of small merozoites, in the other a small 



THE H^MOSrORIDIA 


377 


number of largo merozoitcs (compare II. canis, IjoIow). In both //, (jerbilli 
and H. jaculi free vermicules occur, and are sot free readily in vitro ; iliose of 
II. gerhilli are recurved when contained in the blood- (;or|)Usclc. Stages of 
the development of H, gerhilli were found in a louse, Hmnat-opinus 4c2)hrmi ; 
first free vermicules in the stomach and intestine, lakT largo cysts in tlie 
, body-cavity containing a great number of spores, each of wliich encloses 
six to eight sporozoites. It seems impossible that the parasites encysted in 
the body-cavity of the louse should get back into the gerbille in any other 
way than that of being eaten by the gerbille. (Uiristophcrs found t hat, t hough 
the sporozoites were liberated in the intestinal juice of th('. gerbille, t hey soon 
died in it, but that in the blood-plasma of the gerbille they bc'canu^ extnunely 
active ; tliis observation may {x;rhaps bo interpreted as indicating that the 
spores genninate in the intestine, and the sporozoites, when liberated, pass at 
once through the wall of the intestine into the blood- circulation. 

The crithidial forms seen by Balfour in Pulcx cleopatrce can have no (connec- 
tion whatever with the hacmogregarinc of the jerboa ; the ilea is probably not 
the right host for this parasite. 

A number of leucocytic gregarincs have been described from various mam- 
mals, amongst which may be mentioned II. cams (Christophers, 700), 11. 
funambidi (Patton, 721), and H. muscnli (Porter). The life-cycle of II. canis 
has been described by Wenyon (84). The schizogony takes place in the bone- 
marrow and the spleen of the (log, and is of two distinct tyi)es. In the one 
case the schizont divides into a small number of mer()Zoit(^s, usually three, 
of largo size. In the second case the schizogony results in the production of 
a large number of small merozoitcs. The larger merozoitcs grow u)) into 
schizonts again ; the small merozoitcs pass into the, blood, an^ taken up by 
the leucocytes, and become the gamctocytes, as in //. muris, ^I’he sporogony 
takes place in the tick, lihipicephalus sanguineus, and is similar throughout 
to that of H. muris. The sexual phases were not observ('d by Wenyon, but 
according to Christophers (701) the vermicules become fn^i in thi^ stomach, 
and penetrate the epithelial cells, in which they multiply by fission to form 
gametes ; probably this appli(!S to the male sex alone. The next stage is an 
oocyst in the tissues of the tick. The oocyst grows in size, its nuclei multiply, 
some thirty to fifty uninucleate spon^blasts are formed, and each secretes 
a sporocyst and becomes a spore containing on the average sixteen six)rozoit('S. 
The oocyst- wall dissolves, and the rijx; spores arc set fn^e in the body of the t iek. 
Wenyon considers it possible that the dog acquin^s the infection by eating 
infected ticks. 

Tree vermicules of H. funambuli were seen in a louse by Patton, and a similar 
observation was made for H. musculi by Porter. H. muscnli also reproduces 
by schizogony in the bone-marrow of its host. 

The haemogregarines of birds described by Aragao (692) appear to be very 
similar to those parasitic in the leucocytes of mammals. 'J’h(^ schizogony 
takes place in the epithelial cells of the gut or in the colls of the liver, lung, or 
bone-marrow ; it results in the formation of a number of small, comma- 
shaped merozoitcs, which escape from the cell and arc taken up by the mono- 
nuclear leucocytes. They do not, however, remain in a resting phase in the 
leucocytes, but grow within them to a fair size. When set free from the 
leucocyte, they perform active movements. The intermediate host and the 
mode of transmission remain, however, to be discovered. 

The schizogony of hjemogregarines parasitic in snakes has been studied 
by Sarabon and Seligmami, Hartmann and Chagas (89), and Laveran and 
Pettit (716). It takes place in the capillaries of the liver and lung or in the 
bone-marrow. The parasite becomes free from the corpuscle in the capillary, 
and grows to a large size. In H. sehai the number of mcroz^^ites formed 
varies from two or four to over thirty, but is more often from four to eight. 
The merozoitcs are larger when a smaller number is produced. Possibly the 
variation is related to the age of the infection, as m II. stepanowi, or to the destiny 
of the merozoitcs, whether to become schizonts or garaetocytes, as in II. canis. 

The sporogony of the haemogregarines of terrestrial reptiles is practically 
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unknown in its details, but the transmission appears to bo effected by ticks • 
80 Karpolymis lacerUinm by Ixodes ricinus (Schauclinn, A.P.K,, ii., p. 339 ’ 
footnote), H. mauritanica by Hyalomma (egyptium (Laveraii and Pettit, 
718), and the haemogrogarines of snakes (Flu, 707). 

The minute “ drepanidia ” of frogs and newts appear to stand rather apart 
from the true haemogregarines ; beyond the fact that they inultiply by , 
schizogony in the red blood -corpuscles, but little is known of their develop- 
ment. According to Hintze, Lankesterella ranarum has no invertebrate host, 
but passes from the blood into the wall of the intestine, where it forms re- 
sistant cysts like a coccidian parasite. The cysts wore believed to pass out 
of the frog with the fseccs and infect other frogs by the direct containi/iativo 
method. It is, howev(^r, very doubtful if the cysts described by flintze really 
kdong to the cycle of the Lankesterella ; from other observations it is possible 
that the drepanidia are not Ineinogreg.arinos at all, but stag(!S in the life-cycle 
of a trypanosome {compare Billet, 090). According to Fran 9 a (709), “ Daety- 
losoma ” splendens of the frog produces Leishmania-liko rnerozoites, with 
distinct kinctoniiclci (compare also Seitz). Until further researches have 
been undertaken, the position of th(i drepanidia must remain uncertain. 

JYoreshoimer (720) has described the penetration of the red blood -corpuscles 
of frogs by Lankesterella sp., a process in which remarkable phenomena are 
exhibited. When a Lankesterella, in approaching a blood- corpuscle, is within 
a distance from the corpuscle about o(pial to the length of the parasite, the 
edge of the corpuscle turned towards the parasite shows distinct amceboid 
movements. As the parasite comes still nearer, two long processes are 
thrown out by the corpuscle, forming a deep bay, into which the parasite enters ; 
as soon as it does so, the two processes approach each other, fuse and engulf 
the parasite, just as an amoeba ingests its prey. The parasite, after this point 
is reached, appears to bo drawn into the corpuscle without further exertion 
on its part ; the ])rotoplasm of the corpuscle closes up behind it, ami tho 
corpuscle regains its normal smooth contour, with the parasite lying within 
it. The whole process of jKmetration takes one or two minutes. Nercsluumer 
compares the activity of thc! corpuscle to tho “ cone of reception ” formed 
by an ovum when ap[)roachcd by a sixsrmatozoon. 

From the foregoing account of thc life-cycles of hiemogregarines, it is seen 
that tho sporogony varies greatly, from the production of eight sporozoites 
in the oocyst of II. stepanowi and H. nieorice, to the condition of H. canis, 

II. muris, and II. gerbilli, in which a large number of spores arc formed with a 
variable number of sporozoites. It is impossible, therefore, to accept as 
adequate tho diagnosis given by L<!;ger (644) of thc “ Hcemogregarinidos ” as 
producing a single octozoic spore (see p. 353, supra). 

5. The Piroplasms. — The parasites of this typo are minute 
organisms, capable of amoeboid movement, but generally of a 
definite form, wliicli is usually pear-shaped or rod-like. They are 
contained, sometimes as many as a dozen or more together, within 
a mammalian red blood-corpuscle. They produce no pigment, but 
destroy the corpuscle in which they are contained, and set free the 
luemoglobin, which is then excreted by the kidneys of the host. In 
consequence of this, the diseases produced by these parasites, 
termed generally “ piroplasmoses ” (or “ babesioses ”), are of a very 
(diaracteristic type, the most striking symptoms being an enormous 
destruction of blood-corpuscles and a red coloration of the urine 
by hsemoglobin (hoeraoglobinuria). From this peculiarity are 
derived popular names, such as “ redwater,” etc., applied to 
diseases caused by piroplasms. 
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Tlio best-kiiowii momber of this group of orgauisins is a parasite 
of the blood of cattle (Fig. 160), which lias beiui most unfortunate 
ill its nomenclature, and lias appeared uiidm' a variety of gimerii! 
names {Hcematococcus, Pyrosoma, Apiosorna, Piroplasma), but of 
•which the correct name is probably Babema hovis (or hiyeminn). 
'Idle ty23ical form of this j^arasite is a pear-shaped body witliin tln^ 
blood-corpuscle. It multiplies by binary fission, and is often 
double in consequence — whence the specific name hujemina. 

Many other species are now known, parasites of domestic an irnals in 
various parts of tlie world, and of recimtycars a number of species havi? 
been made known from wild animals, butour knowledge of piroplasms 
in a natural state is not very e.xtensiv(‘. No spi'cies is known with 
certainty to be jiarasitic upon human beings, but a disease known 
as “ spotted fever of the ilocky Mountains ” has btsm stated to bo 
caused by Piroplama hominis, and it is possible that tlie organisms 



Fio, 100. — Pirojjla^sma higmimm {Babesia hovis) in the blood-oorpuscles of the 
ox. a, h, Youngc-st form.s ; c — /, binary lission ; g — j, various forms of 
tho twin parasites ; k, I, doubly-infected corpuscles. After Laveran and 
Nicolle. 

described from the blood of yellow fever patients by 8eidelin (757), 
and named by him Paraplasma flavif/enuin, may be allied to 
the piroplasms. 

The investigations upon these organisms carried on during the 
last few years have led to their being divided up int<3 a number of 
genera based on differences of form and structure. The following 
enumeration of the geinwa of “ Piroplasmidai ” may sitvc at the 
same time to indicate the structural varieties exhibited by tliese 
parasites (compare Fran 9 a, 736). 

(1) Piroplasma, Patton {Babesia, Starcovici). -Pear-shaped forms, 
dividing by a process of gemmation — hence commonly found in 
pairs in the corpuscle. Species are known from oxen, sheep, horses 
{P. caballi of “ biliary fever ”), dogs, monkeys, rats, and various 
wild animals. 

(2) Theileria, Bettencourt, Franca and Borges. — Bacilliform or 
rod-shaped parasites arranged in a characteristic figure of a 
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cross.* T. parva is the parasite of “ East Coast fever ” of cattle in 
Africa. Other species liave been described from the fallow-deer and 
from Cephalolophus grimmi. 

(3) Nicollia, Nuttall. — Oval or pear-shaped parasites with peculiar 
nuclear structure (see below), and with quadruple division, j)ro-' 
ducing a figure at first like a fan, then like a four-leaved clover. 
One species, N. quadrigemina, from the gondi, Ctenodactylus 
(Nicollc, 7‘16). 

(4) Nuttallia, Franga. — Parasites oval or pear-shaped (not rod- 
shaped) ; multiplication-forms like a cross. N. equi, of equine 
piroplasmosis ; N. herpestidis, of a mongoose {HerpeMes ichneumon). 

(5) SmUhia, Franga.—Pear-shaped forms, occupying the wliole 
diameter of the corpuscle, not in pairs ; quadruple multiplication 
in tlie figiiHi of a cross. microti from Microtus arvalis. 

Future research will, no doubt, determine the value of these 
generic distinctions, some of which seem to rest upon a somewhat 
slender foundation. 

As is evident from the foregoing classification, the form of the para- 
site varies considerably in different species, and even in the same 
species. In many cases the body may show amenboid changes of 
shape, and may throw out long pseudopodial processes. The two 
principal types of form of the full-grown parasite are the pear- 
shaped and the bacillary forms ; but the smaller parasites may bo 
ring-like, with the nucleus excentric, and placed near the margin 
of the body in some cases. The relation of these forms to one 
another, and their significance in the life-cycle, are not clear, but the 
annular forms appear to be young stages of either the pear-shaped 
or bacillary forms. Kinoshita claims to be able to distinguish 
indifferent (schizonts) from sexually-differentiated forms (sporonts) 
(compare Theileria, p, 382, infra). 

The minute structure of the body is very simple, since the cyto- 
plasm has as a rule no enclosures except the nucleus, which is 
single. In some cases, however, the cytoplasm may be vacuolated 
to some extent, and in the ring-like forms has a large central 
vacuole. The nucleus itself appears to be of a simple type of 

* A confusion has arisen between two parasites very similar as regards the 
appearances they present in the blood, but differing in every other respect — namely, 
Theileria parva, the true parasite of “ East Coast fever ” of cattle, and Babesia 
{Piroplasma) mutans, also found in cattle. In both parasites alike the charac- 
teristic cross-forms appear in the blood. In Theileria parva, however, the cross- 
forms are an aggregation of four distinct gamctocytes (see p. 382, infra) which 
have invaded the same corpuscles, whUo in Babesia mutans the cross-forms are 
produced by quadruple fission of an ordinary multiplicative individual ; this 
difference has the consequence that, since the gametocytes of T. parva are not 
capable of further development in the blood of the ox, direct inoculation of blood 
from an infected to a healthy ox docs not produce an infection in the latter, as 
happens always when a healthy ox is inoculated with blood containing Babesia 
mutans. The diagnosis of the genus TheUeria given by Frano^a would appear to 
apply to B. mutans rather than to T. parva. See especially Gonder (739). 
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structure, a compact mass of chromatin or karyosomc contained 
in a vacuole-like space — in other words, a protokaryon of the simplest 
type (comjDare Breinl and Hindle, 730). The n'lnarkable form 
Nicollia qtiadrigemina has an oval nucleus at the blunt end of the 
^body, with two karyosomes, a largcu- one ])la(^cd close to the surface, 
and a smaller one nearly at the centre of the pc'ar-sliapt'd body 
(Nicolle, 746). 

With the unroliable method so much in vogue until (juili^ recently, of 
making preparations by drying blood-smeans and staining them with the 
Romanowsky stain, llici nucleus may show various apjx'aranex's about which 
much has been written, and which cannot be interpreted with eerlainty until 
they have been (ixamined by better eytologieal methods. In such projxira- 
tions the apixiaraneo is usually pn^semted of a dc(iply-slained karyosomo 
lying at the edge of, or near to, a diiTus(^, more or less irregular ehromatin- 
mass ; or the nucleus as a whole may ap|x*ar as an evenly-staineil mass lying 
usually at one end of the body in bacillary forms, or lU'ar the rounded c^x- 
tremity in the pcar-shai)ed forms. In other eases, in addition to t he principal 
chromatinio mass, some six^cimens may exhibit a grain or dot, which from its 
staining reactions a])pears to be chromatin. Many cllorts have been made 
to establish on this sk'iuhjr basis a theory of nuclear tlimor})hism for ])iro- 
plasms, and to interpret the second grain as a kinetonucleus ; but it bears no 
resemblance to any such body in its structural and eytologieal relations, and is 
inconstant in its occurrence, Ixung entirely absent as a general rule. 

A question much discussed is that of the occurrence of flag('llatcd forms of 
piroplasms in the blood of the vertebrate host. In a few rare cas(‘s, in parasites 
preserved by the defective method mentioned in the last paragraph, irregular 
streaks of substance similar to chromatin in its staining projK^ties have l)c-on 
seen extending from the karyosomc oven some way beyond the body of the 
parasite (Fantham, 735 j Kinoshita, 741), and these ap|)earances have been 
interpreted as tlag(41a ; but the published figures of tlu^se stru(!lnres do not 
in the least favour any such interpretation. Kinoshita suggests that the 
“ flagella ” figured by him may represent formation of microgametes. Of 
more value arc the observations of Nuttall and Graham-Smith (748) on the 
living parasites. They observed that a pear-shaped parasite, when free in 
the blood-plasma, is capable of moving very rapidly, with the blunt end 
forwards, while the posterior pointed end exhibits active vibrations which they 
compare to those of a fish’s tail. In some cases the hinder end was observed 
to be prolonged into a flagellum-like process. The authors cited explain the 
absence of flagellated forms in permanent blood- preparations by supiwsing that 
the flagellum becomes retracted when preserved ; if so, it is a structure of a 
very different kind to a true flagellum, such as that of a trypanosome, and its 
relations to the progression of the parasite also differ. 

Breinl and Hindle (730) have figured biflagoflate organisms from the blood 
of dogs dying from piroplasmosis. The flagellates in question were of transi- 
tory appearance, and wore' only found in the blwd of the dog the day before 
its death. The authors interpret those forms as a phase of the piroplasm ; 
but a consideration of the figun^s given, and of the circumstances under which 
the flagellates were found, leave hardly any doubt but that the forms seen 
wore intestinal flagellates, Bodo or Proivazekia sp., which, in the pathological 
condition of the host, had passed into the blood (see p. 258). 

The development of the parasite in the vertebrate host appears 
to consist solely of multiplication by fission (Figs. 160, 161), usually 
either binary or quadruple, within the corpuscle ; though the 
presence of the annular forms, apparently representing young 



382 


THE PROTOZOA 


individuals, would seem to indicate the existence of some form of 
schizogony, yet to be discovered, in the tissues or internal organs 
of the body. When the parasite or para.sitos have destroyed the 
corpuscle in which they arc lodged, they arc set free in tlie blood- 
plasma and penetrate other red corpuscles. 

TheiUria parva staiKis ap;ui from other piropksins in its th^velopnunital 
cycle in tlio vertebrate liost. According to Conder (7118, 740), the jninute 
sporozoites injected by the tick collect in t he .splccni and lympliatic glands, 
whcr(5 they peiKdraU^ into lymphocytes, in which they grow ra[)idly! IMie 
originally sii\gle Jiuelcus <iivides rej)eatedly, and large innltiniich\ate plasnio- 
dial masses are formed which linally divide up into as many minute mero- 
zoin^s, “agamonts,” as tlu^re are nuchu ; the process recalls strongly the 
schizogony of Hmmtprokus colmnhie (Fig. 157, K—^R), and leads to tlu! brt'ak- 
up of the lymphocyte. The first .scliizogonou.s generation may be repeated 
several tiim^s, but at last a generation of “ gamonts ” is produced, which 
are distinguished from the agamonts by charactc^ristic dilferenc(!s in the 
nuchvar structure. The gamonts multiply by a process of schizogony, the 
final or “ gamogenous ” generation, (uiding in the production of gametocytes, 
minute parasites which do not multiply further, but penetrate into tlu; red 
blood-corpuscles, wluire they grow into adult gamctocyt(?s of two kinds —male 
gametocytes, which are long, slender, “ bacnllary ” forms ; and female gameto- 
cytes, which are plump, rounded, or jicar-shapcd forms. The gametocytes 
can only develop furdicr in the tick Rhipicephalus (see below). 

The forms found in the red corpuscles in the |x;ripheral blood an; cither 
gamonts or gametocytes, incapable of dev(4oping Ixyond the latter stage 
except in the tick ; this explains a i)eculiarity of this parasite, nani<4y, that 
inoculation of infectcid blood into a healthy animal does not produce an 
infection. 

The position of the genus AcJiromaticus, founded by Dionisi for A. ves peril- 
ginis, parasitic in the blood of bats of the genus Vesperugoy is still doubtful. 
It occurs under a numlwr of different forms, some free in the blood-plasma ; 
otlu'Ts, more common, within the corpuscle!?. The free forms arc rounded or 
spindle-shaixd ; the intracorpuscular parasites may be also of these two 
forms, but are more often par-shaped. Within the corpuscles the rounded 
and ix'-ar-shai3ed forms divide into two or four by a process of schizogony. 
According to Gondcr (737), the parasite has a double nucleus in all stages, 
but this is not confirmed by Yakimoff and Co. (753), who regard the parasite 
as a true Piroplasma. Neumann (745) states that in the bat-mite {Pteroptus 
vespertilionis) the parasites undergo a transformation into flagellated organisms, 
and considers Achromatiem allied to trypanosomes. It is not improbable 
that stages of Achromaticus, both in the vertebrate and invertebrate hosts, 
have been confused with stages of the trypanosome found in the blood of the 
same vertebrate hosts. 

The process of division in Piroplasma cams (Fig. 101) has been studied in 
great detail byNuttall and Graham-Smith (748), and by Christophers (732). 
The small rounded forms divide by simple binary fission of the ordinary typo. 
In the larger forms the division takes place in a peculiar manner, more akin 
to gemmation than to ordinary fission. Before division the parasites become 
amttd)oid and irregular in form, and the nucleus has the form of a compact 
mass. The nucleus then sends out two buds which grow towards the surface 
of the body, and at this point two protoplasmic buds grow out into which 
the nuclear buds pass. The buds increase in size until they become two pear- 
shapd piroplasms, joined at their pointed ends by the continually-diminishing 
remains of the body of the original parent- individual. The connecting mass 
dwindles to a mere pint, and finally the two daughter-individuals separate. 
A modification of this method leads to the quadruple fission producing four 
buds and four daughter-individuals, as in Babesia mutans. 
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The pirifom imrasites oscapo from th« corpuscle wlieu it is exhausted 
and approach other corpuscles, moving with considerable rapidity The 
parasite attacks the corpuscle with its blunt extremity foremost, and “ rapidly 
indents its surface. Then violent movement of the thin end of the parasite 

occurs, and tlic side of the corpuscle becomes greatly distort t‘d ( Iraduallv 

t he parasite sinks more deeply into the corpuscle, and linally disap|x.ara wit bill 
It, when tlie movmncnts of tln^ corpuscle cease and it resunu's its rounded 
8hap<^ Nu tall and (Iraham-tSmith, 748, vi., p. 2:15 ; com pare th(> ix-iulra- 
lon of blood-corpuscl(>s by Lankc.slmlla described above). Only iiiiifonn or 
long parasite's enter corjmscles, never the round forms ; but immcdialcly after 
it.s entry into the corjiusele the parasite be(>omes rounded. If roumh'ci iiara- 
sit('s are sot fn'o from a corpuscle by its rupture, they die otf, as do also t lie 
pear-shaped forms if they do not siiceiH'd in penetrating into a corpuscle. 



1 . 101. Diagrams showing the mode of division of Piro])la.ma canis in tho 
blood-corpuscU^ A, ram.sito. aJwut to divide ; B, the nucleus budding off a 
smaller mass ; C, tlie nuclear bud has grown out into a forked strand ; D, tho 
lorkcd ends of the strand are growing out into protoplasmic buds ; E, F. 0 
growth of the buds at the exixmse of the main body ; II, I, final stages of 
the division of the body. After Nuttall and Craham -Smith. 


^he tnie piropasms, is Amplasma 

destruction of Uie red corpuscles and production of high fever, 
g to a degeneration of the large parenchymatous organs. The parasite 
occurs within the red corpuscles, and is described as consisting sdely of 
iroinatinic substance, without a cytoplasmic body; hence the parasites 
of ^roinX^ de.scribed as marginal points.” The parasite has the form 

t^JansmdtAd ) which multiplies by simple fission. It is 

transmitted by a tick, Rhiptcephalus decoloratus. See especially Thoiler (752). 


The transmission of piro plasms was first discovered by the 
American investigators Smith and Kilbome, who in a classical 



384 


THE PROTOZOA 


memoir showed that the parasite of Texas cattle-fever {Babesia 
hovis or higemina) was transmitted from sick to healthy oxen by 
the agency of ticks. Tlic m(;thod of transmission is of a peculiar 
type, which finds its explanation in the habits and life-history of 
ticks. Tlicse arachnids have typically three stages in their life- 
history — (1) the minute six-legged larva hatched from tlio egg, 
which, after growing to its full size, slieds its skin and appears as 
(2) tlie nymph, cight-lcgged, but sexually immature ; the nymph 
after another moult becomes (3) the adult tick, sexually mature and 
with four pairs of legs. In each of these three stages of the life- 
history the tick feeds, as a rule, but once. Consequently, if the 
parasites arc taken up by the tick at one stage of its existence, they 
cannot be reinoculated into another host until a later stage of the 
tick. Smith and Kilborne found that the parasites taken up by the 
adult female ticks passed through their ova into the next generation 
of the ectoparasites, so that the minute larval ticks, progeny of an 
infected mother, were the infective agents which spread the disease 
amongst the cattle. 

Subsequent investigations have confirmed and extended the dis- 
covery made by Smith and Kilborne, and in every case the in- 
vertebrate host of any species of piroplasm appears to be a tick. 
In P. hovis [higerninum) the parasites develop only if taken up by 
an adult female tick (Koch), but this is not so in otlier cases. The 
parasites may be taken up by the tick at various stages, and returned 
to the vertebrate host at a later one ; for instance, by the larva and 
returned by the nymph, or by the nymph and returned by the adult, 
or by the adult and returned by the larva of the next generation. 

Although the transmission of piroplasms by ticks is well established, the 
developmental cycle of the parasite in the tick is known only in a fragmentary 
and incomplete manner. The most complete accounts are those given by 
Cliristophcrs (732) for Piroplasma cams, and Koch (743) for P. hovis, whoso 
observations supplement each other, since Koch studied chiefly the earlier 
stages, while Christophers’ investigations appear to be more complete for 
later phases of development. Stages in the tick are also described by 
Dschunkowsky and Luhs (734), but in a disconnected manner, and observa- 
tions on the development in cultures have been published by Kleino (742) 
and by Nuttall and Graham-Smith (750). Accounts differ chiefly as to the 
events at tlie beginning of the development. So far as it is possible to make 
a connected story out of the published observations, the development in the 
tick apix^ars to comprise six principal phases : 

1. The piroplasms taken up in the blood pass into the stomach of the 
tick, and there the pear-shaped forms are set free from the corpuscles, 
these forms alone being capable of further development. After 
about twelve to eighteen hours they become amceboid, sending out in all 
directions slender, stiff, sharply-pointed pseudopodia which are slowly re- 
tracted and emitted again. Usually the pseudopodia are given off chiefly 
from the thicker end of the pear-sliaped body, but in some cases the form is 
spherical and the appearance of the parasite strikingly Heliozoon-like (Fig. 162, 
A— U). The nucleus of the parasite divides into two parts — a larger mass, 
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dark imclous is placed at the blunt end the smalT 

end. Forms similar to those Imvc be;„ ob'tatd 'i^^cSrind Suy 



forma (^etoa : 7 ^rsha^d '" f ‘“r 

thicker end of the bo<iv*^B 6' H W™" off at the 

podia n.diating outVn ku swW? "fL” „ 

The star-like forms would appear to represent the gametes ; they congregate 
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in clusters, and according to Koch they fuse in pairs (Pig. 162, D — G ) ; 
cytological details of the syngamy, if such it be, jvre lacking (but compare 
Theileria, infra), 

2. The stellate stage is succeeded by a spherical stage, very possibly repre- 
senting the zygote. This body grows in size, but its development, as de- 
scribed by Koch, is difficult to understand, and requires further elucidation.' 
The luial result is a globular mass with a single nucleus, found in great numbers 
on the third day, according to Koch (Pig. 162, J). Whether these bodies have 
arisen by division of the zygote, or represent simply the zygotes, is not clear, 
but the latter alternative seems the more probable. 

3. The globular stage is succeeded by a club-liko or retort-shaped stage. 
According to Christophers, whoso account of the life-cycle appears to begin 
at this stage, a split apixars in the globular body, whereby a portion contain- 
ing tho nucleus is divided off incompletely from a portion which has no 
nucleus. Tho non nucleated portion then swings round and forms the tail- 
piece of the complete club-shaped body, which has a single nucleus at tho 
swollen extremity. Tho club-shapod bodies apiKuir to represent the ookinetes 
(Fig. 162, K — M). They aro motile and gregarine-like, and in some castes 
have an organ resembling an epimerite, regarded by Christophers as a boring 
organ, at the anterior extremity. Their size is about four times that of the 
piroplatims in tho blood. 

4. Tho club-shaped bodies pass from the gut of tho tick into the ovary 
and oviduct, and penotrato into tho ova. There they become again globular 
in form, and are found in the yolk of tho egg, and later in tho cells of the 
embryo developed from tho egg. When, however, the parasites have been 
taken up by a nymph, as may happtm in P. canisy tho globular bodies aro 
found in tho tissue-cells of tho body. This globular stage, termed “ zygote ” 
by Christophers, very probably corresponds to tho oocyst of the luemanimbte. 

5. Tho globular body of tho previous stage divides up by multiple fission 
into a number of “ sporoblasts,” which do not remain aggregated together, 
but scatter themselves through tho tissues of the tick, larva, nymph, or adult, 
as tho case may bo. 

6. Tho sporoblasts divide in their turn into a great number of sporozoites, 
small bodies with a single nucleus similar in appearance to tho piroplasms in 
tho blood. Tho sporozoites collect in vast numbers in the salivary glands 
of tho tick, and pass into tho vertebrate when next the tick feeds. According 
to Goiidor, ticks infected with Theileria parva purge their salivary glands com- 
pletely of tho parasik^s when they feed, and arc only infective for a single meal. 

Tho development of Theileria parva in tho tick has been described by 
Condor (740). Within an hour after passing into the stomach of tho tick 
tho parasites become free from tho corpuscles. The immature gamctocytes 
die off, but the adult forms proceed to gamete-formation. The free parasites 
aro at first rounded off, but soon send out processes and become amoeboid. 
Tho male gametocytes send out a single process, and creep about actively 
like a limax-amceho , ; their nucleus goes flirough an unequal division, after 
which the gametocyto becomes a gamete. The female gametes, which are 
inactive, go through a similar reduction-process. Pairing of two gametes 
and fusion of the cytoplasmic bodies takes place, but before tho nuclei fuse 
each nucleus goes through a second reduction-division. After copulation of 
the nuclei tho zygote becomes an active ookinete, first retort-shaped and then 
grogariniform, which penetrates into tho salivary glands, and there goes 
through a multiplicative process, very similar to that of Halkridium in the 
lung of tho pigeon (c/. Pig. 157), producing a swarm of sporozoites which are 
inocuated into tho vertebrate host by the tick. Thus in Theileria also 
there is no flagellated stage at any part of tho life'-cycle — a fact which does 
not, however, prevent Gonder from seeing “ blopharoplasts,’’ and even crith- 
idial forms on every possible occasion ; he seems to consider nuclear reduction 
and blepharoplast-formation as the same thing. It is a pity that the effect 
of such excellent work should bo marrcd by so much theoretical bias. Aber 
wie die Alien mngen . , . ! 
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From the foregoing it is seen that the development of piroplasms 
appears to be of a type essentially similar to that of tlu^ ha'in 
ama 3 bte and luemogregarines. In the present fragmentary state of 
our knowledge, however, it would be premature to generalize con- 
cerning the development of these forms. The most noteworthy 
feature of the development is the entire absence of dagelJated forms 
from the life-cycle. The alleged flagellate forms of P. cams in 
the dog’s blood described by Breinl and Hindle liavo bciMi dealt 
with above ; it only remains to be mentioned that Miyajima 
obtained trypanosomes in cultures of the blood of calves suffering 
from piroplasmosis, an observation Avhich hnl to the discovery of a 
trypanosome in calves not previously known to (\xist (see p. 283). 

Douhtfnl Oencra of Ihmnosporidkt- certain number of blood- 
parasites liave been described which at present are not sufficiently 
well known to make it possibles to assign to them a definite systematic 
position. When more thoroughly investigated, many of tiiem may 
turn out to belong to other groups than the H;emosporidia ; it is 
even possible that some of these bodies arc not i)arasites at all, but 
merely some forms of cell-enclosures. 

Tho genus Toxoplasma was founded by Nicollo and Manceaux (754) for 
T, gondii, a parasite of the gondi {Ctenodactyhis gondii] ; other species have 
since been described— namely, T. cunicnli, Carini, from the rabbit, T. canis, 
Mollo, from tho dog, and T. tcdpcc, Browazek, from tho mole. Tho organisms 
in question are parasites of tho white blood-corpuscles, and occur most 
abundantly in tho spleen or livor, causing a disoas<5 which is frequently fatal. 
Tho parasite is a crescent-shaped body, with ono end thicker tluiii the other, 
and containing a single nucleus ; they multiply by binary or multiple fission. 
Nicollo and Manceaux regarded them as allied to Leishmania, but fthoir 
resemblance to this gonus appears to be purely suptirlicial, since in Toxoplasma 
no kinetonuclcus is present, and in cultures no flagellated stage is developed. 

Elleipsisoma thomsoni is tho name given by Fran^*a (441) to a parasite of 
tho blood of moles discovered by Thomson (524). It occurs as an ammboid 
intracorpuscular parasite with a single nucleus situated at tho margin of tho 
body, which contains no molanin-pigmcnt. Multiplication takes placo ex- 
clusively in tho lung, and is by binary or multiple fission, accoRling to Fran^;a ; 
tho young forms aro either vermiform, with the nucleus drawn out, or oval, 
with a compact nucleus ; they penetrate into tho corpuscles and grow tliore. 
Fran 9 a considers this form to bo allied to Toropiasma. 

Tho name Toddia hufonis is given by Fran 9 a (440) to certain bodies in tho 
rod blood- corpuscles of batrachia, first described by Todd. Tho earliest stage 
in tho corpuscle is a small globule of chromatin ; Fran 9 a believes that tho 
parasite when it penetrates tho corpuscle is reduced to its nucleus alone, and 
that it gradually forms a cytoplasmic body which becomes substituted for 
that of tho corpuscle. As tho cytoplasmic body is formed, crystals appt;ar 
in it, one large crystal or as many as three smaller ones. Finally the corpuscle 
is seen with a si ightly hypertrophied nucleus i>ushed to ono side, and its contents 
consisting chiefly of substance which stains intensely blue with tho Roman- 
owsky stain, in which aro tho crystals and the nucleus of the parasite, now 
3 to 3-5 p in diameter. No multiplication-stages have been observed. 

Olobidinm mvltifidum is the name given by Neumann (488) to a parasite 
of the red blood-corpuscles of Oobius minutus and Arnoglossus grohmanni. It 
was met with in tho form of a cluster of some thirty to sixty merozoitc-like 
bodies, each 2*5 p in length by 1'6 m in breadth ; similar bodies were seen in 
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blood-corpuscles singly, but thoir growth and multiplication were not ob- 
served. Tlio parasite appears to develop in red corpuscles, which it finally 
fills completely, breaking up the nucleus ; no pigment is formed. The youngest 
forms show sometimes a grain near the nucleus, possibly a kinetonuclous. 
With the bodies dcsciibcd by Neumann may be compared those observed 
by Mathis and Jaeger (473, pp. 417-419, Plate XIII., Figs. 12- IC) in a fish, 
Clarias macrocephalus ; possibly they have some connection with the trypano- 
some found in the same host. 

Imrnanoplasma scyllii^ Neumann (488), is a parasite of the red blood- 
corpuscles of Scyllium cankula. It grows to a size of 30 by 20 , and in life 
is feebly amoeboid. Its protoplasm stains very deep blue by the Romano wsky 
stain, and its nucleus appears usually as if separate from the rest of the body 
of the parasite, lying apparently free from it in the blood-corpuscle. Some 
forms of the parasite have j^aler protoplasm with a larger nucleus, others 
darker protoplasm with a smaller nucleus ; the two forms are possibly male 
and female. No pigment is produced. The development of the parasite 
remains at present unknown. 

Finally mention must bo made of the so-called “ Kurloff-Demcl bodies,” 
found in the leucocytes of the guinea-pig. According to Patella (755) they 
are true “ loucocytozoa,” but according to Mathis and Legor (473) they are 
not of parasitic nature. A memoir will bo published shortly by Dr. E. H. Ross, 
however, in which it will bo shown that the Kurloff-bodies are true parasites, 
representing, apparently, a stage of a motile organism, probably a spiroclneto, 
found free in the blood. The author proposes for this parasite the name 
Lymphocytozoon cohayce, 

Afmiiies of the Hcemosporidia . — ^Two opposed and conflicting 
theories with regard to the systematic position of the Hsemosporidia 
hold the field at the present time. 

1. The older and more generally accepted view is that the 
Hamiosporidia are closely allied to the Coccidia, sufficiently so, 
in fact, to bo classed with them in a single order. Thus,])ofloin 
divides the Telosporidia into tw'o orders, the Gregarinoidea and 
the Coccidiomorpha, the latter comprising two subdivisions, Coc- 
cidia and Haunosporidia ; while Mesnil placed the Hsemosporidia, 
together with the genus Legerella, amongst the Coccidia in an 
order Asporocystea, characterized by the absence of sporocysts 
in the oocyst, a character that cannot be utilized in this manner 
now^ that some ha?mogregarines have been shown to form sporocysts. 

2. Hartmann and others (e.g., Awerinzew) maintain that the 
Hiemosporidia should be removed altogether from the Sporozoa, 
and should be classed, together with the Hsomoflagellates, as an 
order of the Flagellata, for which the name Binucleata is pro- 
posed, since the chief structural feature common to all members of 
the order is supposed to be the possession of two differentiated 
nuclei, a kinetonucleus and a trophonucleus, distinct from each 
other. 

It must be clearly understood that the theory of the Binucleata, as pro- 
pounded by Hartmann and his school, is not merely one of a general relation- 
ship between Hcemosporidia and Flagellata. This wider point of view will 
be discussed when the affinities of the Telosporidia as a whole are considered. 
The question at present under discussion is whether the Haemosporidia, more 
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than the other Telosporidia, are allied specially to the Hnpniollagellatos, more 
so than to other Flagollata ; whether, in short, the H;emosix)ridia should 
be removed from tlu^ Telo.s{X)ridia altogether, and should b<i elassiiied, together 
with the Rjemo flagellates, in one natural onhu*, family, or otluir systematic 
eat(‘gory. In dealing with the Ifainollagellates in a pnwious ehapltn*, eause 
ivas shown for believing them to have two distinct lines of ancestry, tlu^ one 
from a (!orcomonad, tlu^ other from a Hodonid ty[)o of FI age; 1 late ; in that 
case it is the (Jereomonad section— that is to say, the trypanosomes and their 
allies— to which the If.'emosporidia must bo considc'red to be sjx^cially n'lated 
on the theory now to bo discussed. 

Legcr and J)ubosc(j (04C), recognizing distinct Bodonid and Oercomonad 
stems in the Hii'moflagellates, derive the (^rogariues, Ooccidia, and Hivino- 
gregariries, from the Bodonid stem (trypanoplasms), the HiemauKeba^ and 
Piroplasms from tho Oercomonad (trypanosome) tyjK^ 

Tho close relationship of the Hsemosporidia and the Coccidia 
seems at first sight so obvious, from a gmu^ral consideration of the 
life-histories of typical members of each group, that any theory 
to the contrary must justify itself by convincing and cogmit argu- 
ments. The chief grounds upon which aftinities between Ifmmo- 
sporidia and fla'ino flagellates are alleged are found, whmi analyzi'd, 
to bo of three kinds — namely : first, developmental data ; secondly, 
structural— -that is to say, mainly eytologi(;al — peculiarities ; 
thirdly, resemblances between certain forms which a])pear to bo 
sufftciently close to link the two groups together by a s(U‘i(‘S of gradual 
transitions. The eviden(;es of affinity bi^tween Haunosporidia and 
Hiemo flagellates based on these three classes of facts must be 
(;o nsidcred separately. 

1. Develojmenfal Data. — B<!ginning with the first of the five types of 
Ihrmosporidia which have been recognized above— nanu^ly, the ha mauKebie 
or malarial parasites, it is very evidimt, as Schaudinn (058) fiist pointiid out, 
that their life-cycle nisernbles in tho closest manner that of tho (loecidia. 
With one exception, every phase in tho life-cycle of a malarial parasite has a 
corres|)onding phase in that of a coccidian, and the same tijrminology can bo 
used throughout for describing tho stages of the devolopimuit ; the one ex- 
ception to this statement — tho only phase that requires a special name — is 
the obkimte-stago of tho malarial jiarasites, which is not luiown to occur 
in any coccidian. It is clear, however, that the points in which the life- 
cycles differ from one anothi^r in the two cases are such as can bo correlated 
with the differences in the mode of pirasitism— that is to say, with fhe fact 
that in Coccidia, speaking generally, there is a single host, and tho mode of 
infection is contaminative, while in tho hamamoebai there are two hosts, 
and the vertebrate is infected by tho inoculative method. Corresponding 
with this difference, tho zygote in tlio Coccidia prepares at once for leaving 
the body of tho host and passing out into tho open, and protects itself by a 
firm envelope ; while that of tho hamamceba*, produced in tho body of an 
intermediate host, does not encyst itself, but is actively parasitic, continuing 
to absorb nourishment from tho host and to grow. Further, in the hamamoeb® 
tho parasite is always in tho body of one or tho other of its two hosts, and 
consequently tough, impervious cysts and sporos like those of Coccidia aro 
superfluous and are never formed ; tho oocyst is a thin membrane through 
which soluble foodstuffs can diffuse, and sporocysts aro not secreted, as is the 
case also in some Coccidia. Tho adaptive significance of those differences 
is so obvious that it does not require further elucidation or discussion. 

The development of the halteridium-type, as described by Aragao, can be 
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derived witliout difficulty from that of the hcTinamoeboB ; and, in spite of 
the hiatus in what is known of the lihvcyele, tluwe is no difficulty in comparing? 
and hoinolo^izin^ t 1 k‘ phasc^s of Jlo moprokus adumha’ with those of a malarial 
])arasiie, and cons(a(U(‘ntly with those of a coec^idian. 'I’lie (hiveloprnent of 
Lf’ucocjjtozoon requires investigation, but the litlle that is known namely, the 
schizogony, sexual phases, and obkiiKde-formation— is entirely of the^ 
luem am oe ba ■ ty {3e . 

More striking than in any otlu^r tyjJO of the llaunosporidia are th^ coecidian 
features of the liiemogrcgarines. In such a form as 11. stepanowi the life cycle 
is seen to exhibit not men^ly a general similarity to that of the Coccidia, but 
even a s{)ecial res(unblance to particular forms. The mode of gamete-forma- 
tion is that which characterizes the family Addeidce- among Coccidia, and the 
many developmental similarities between //. stepanowi and the only known 
coecidian parasite of a leech, Orchednm herpobdell(£y have led Reichenow 
to derive them from a common form. In many hjcmogregarines, apparently, 
the ])arasito obtains an entry into the vertebrate host, not by the inoculative 
method, but by the contaminative, through the vertebrate devouring the 
invertiibrate host. In such cases (//. rnuris. If. gerhilli) the characteristic 
(H)ceidian sporoeysts reapi)ear in the sporogony. It is not necessary, however, 
to dilate further on the coecidian affiniti(^s of the iKcmogregarincs, since they 
are recognized by Hartmann and his school, and the latest revisions of the 
order Binuclcata do not comprise the lucmogrcgarincs, which are left in the 
Tolosporidia. 

As regards the piroplasms, it is perhaps unsafe to generalize in the present 
fragmentary state of our knowledge of the life-cycle, and in particular of the 
sexual phases ; but so far as it is known, the phas(^s of the development appear 
to corrcispond closely with those of the typical Raunosporidia. But at least 
it can be said that the development of piroplasms does not afford the slightest 
support to the view that they are in any way allied to Ha'inotlagellatcs ; 
indeed, it can be affirmed, on the contrary, that, of all the forms included in 
the Ha'inosporidia, the piroplasms exhibit the least indications of llagellate 
affinity. 

From a gcuieral consid(^ration of the life-cycles of tbe typical Hternosporidia, 
such as the ha‘mama*ba? and ha'inogregarines, and omitting doubtful forms, 
it is very (^lear that what may bo called the nucleus of the group bears a close 
and unmistakable rest>mblance to the Coccidia. One section, comprising the 
luemamieba’, halter'.dia, and leucocytozoa of birds, are to bo derived from an 
ancestor which formed gametes after the manner of Corcidium, and in these 
ty}K's the ])henomcna of “ exflagellation ” can bo observed readily. In the 
other section, comprising at Ic^ast the hamogregarines, gamete-formation is 
of tlui type of that seen in Adeleidce, and docs not take place until the gameto- 
cytes have associated ; conae<iuently exflagellation in vitro docs not occur, 
but coupling of the sporonts, as in gregarines, has often been described, but 
wrongly interpreted as copulation (c/. Sam bon and Scligmann). 

In the fact! of such profound homologies with Coccidiji, what are the argu- 
ments from the developmental cycle in favour of a contrary opinion ? The 
case for the alleged Haimoflagellato affinities of the Hamosporidia rests on 
the famous memoir of Schaudinn (132) on the blood-parasites of the Little Owl, 
a work which must now Ix! considered briefly. 

The Little Owl {Athene noctua) harbours the full number of known avian 
blood-parasites— namely : (1) a proteosoma ; (2) a haltcridium ; (3) a small 
form of trypanosome ; (4) a large form of trypanosome ; (5) a leucocytozoon : 
(6) a spirochacte. 

According to Schaudinn, these six forms belong to the life-cycle of three 
species of parasites. First, the proteosoma (1) is a distinet form, not related 
to any of the others. Secondly, the haltcridium ( 2) and the small trypanosome 
(3) are alleged to be two phases of the same parasite. Thirdly, the large 
trypanosome (4), the leucocytozoon (5), and the spirochsete (6), are supposed 
to represent different phases of one and the same life-cycle. 

The haltcridium {Hamoproteus noctuce) was stated by Schaudinn to be the 
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resting intracorpuscular diurnal phase of a trypanosome whicli at night 
devel()p(Ml a locomotor apparatus, became frtie from the blood-corpuscle, and 
swam freely in the plasma ; in the morning the trypanosome rated into 
a corpuscle, lost its locomotor api)aratus again, and became a halteridium. 
Male, female and indifferent forms were distinguished. The smallest in- 
different forms went through a six-day development and growth, in the 
•corpuschi as a halteridium by day, free in the plasma, as a trypanosome by 
night, until full grown ; then they multiplied rapidly by rei^ated fission to 
produce trypanosomes of the smallest size. These young forms might grow 
up into indifferent forms in their turn, or might become male or female forms ; 
in the latter event their development was slower, and in its later stages the 
parasite lost the power of forming a locomotor apparatus or of leaving the 
corpuscle. Thus arose the adult male and female halteridia, which, in order 
to continue their development, required to bo taken up by a gnat, Cuhv 
pipiens. In the stomach of the gnat the parasites formed gametes which 
copulated and produced zygotes in the well-known manner. Each ookinete, 
according to Schaudinn, formed a locomotor apparatus (see Fig. 30, p. 59) and 
either became a trypanosome which might be of female or indifferent tyiw, 
or gave rise to several trypanosomes in the male sox. The trypanosomes 
of each typo multiplied in the digestive tract of the gnat to produce a swarm 
of trimorphic individuals, but no further copulation of the male and female 
forms occurred or could occur (Schaudinn, 132, p. 401). Ultimately, after 
complicated migrations, the trypanosomes were inoculated by the gnat into 
the owl again ; the male and indifferent forms imssed through the proboscis, 
but the female forms were too bulky to do so, and, as the male forms were 
stated to die off in the blood, there was effective inoculation of indifferent 
forms only, which start on the cycle of development already described. 

These remarkable statements, the origin and significance of which have 
been, for the last st^ven years, a veritable riddle of the sphinx, have nu^t with 
general scepticism except from a few devoted partisans, wlio have l)een 
striving continually to find corroborative evidence for Hchaudinn’s theories, 
in spite of the mass of evidence to the contrary that has bwm steadily accu- 
mulating. Recently Mayor (685) has affirmed that in owl’s blood containing 
only halteridia, kept under observation in hanging drops under the micro- 
scope, trypanosomes make their api)caranc-o which could only have come 
there by transformation of halteridia. These experiments are supposed to 
prove conclusively ono part, at least, of Schaudinn’s statements- namely, 
that the halteridia are merely intracorpuscular stages of trypanosomes. 

Against Schaudinn’s views, on the other hand, two principal objections, 
out of many, may be urged ; 

First, that the development of Iliemoprokvs columbee, as made known by 
the Sergent brothers and by Aragao, is of a totally different typo to that 
described by Schaudinn ; it comprises no trypanosomo-phast^s at any point 
of the life-cycle, and the invertebrate host is not a gnat, but a biting fly of an 
altogether different kind. To meet this objection. Mayor proposes to restrict 
the name HcemoproUus to forms which develop after the manner of //. cohmhcPf 
and to revive the name Halteridium (in italics and with an initial capital 
letter) for parasites that, on the Scliaudinnian theory, are really trypanosomes. 

Secondly, that the small trypanosomes of Athene noctua are connected 
by every possible transitional form with the largest found in the same bird, 
and there is every reason to suppose that in this case, as in other birds or 
vertebrates of all classes, they are all merely forms of ono polymorphic try- 
panosome (Minchin and Woodcock, 42). 

It may be added that the whole mystery receives a complete solution on a 
simple supp<Mition— namely, that the trypanosome of the Little Owl, like other 
known species of trypanosomes (see p. 308), has intracorpuscular forms 
which have been confused with the true halterida ; on such an assumption, 
so eminent an investigator as Schaudinn can be acquitted of having made 
what would appear at first sight to bo a gross error of observation, and Mayer’s 
observations are easily explained. Mayer seems, in fact, to have figured 
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such forms on his Plate XXII., Figs. 2-4— small intracorpuscular forms, more 
or less Ldslmania-Wko, without 'pigment, and with, apparently, distinct tro 
phomicleus and kinetonuehnis. 

It is not necessary to deal with Schaiidinn’s statements concerning Leven- 
cytozoon further than has been done above (p. .‘170). It is now as certain as 
anything can ever bo in such matttirs that Leucocytozoon has nothing whatever 
to do with cither trypanosomes or spiroeluetos. The six forms of biood-’ 
parasites of the Little Owl may be regarded as belonging to five species, 
namely: A protcosoma (1), a haltcridium (2), a trypanosome (3 and 4), a 
leucocytozoon (6), and a spirochete (6). Of these five, it is probable that only 
the protcosoma, the trypanosome, and possibly the spirocha'te, can develop 
in, and bo transmitted by, a gnat ; the haltcridium and the leucocytozoon 
require, probably, quite different intermediate hosts. If, therefore, a Culex 
were fed on an owl containing in its blood halteridia and leucocytozoa abun* 
dantly, and trypanosomes and spirochetes in scanty numbers, the first two 
parasites might be expected to die out after the ookinete-stage, while the 
trypanosomes, and possibly the spirochetes, would multiply, and thus produce 
very easily the impression that they were derived from the intracorpuscular 
parasites. 

Even less cogent for the theory of Hemoflagollato affinities than the argu- 
mtmts deduced from the development of Hemosporidia are fliose based on 
the development of Hamoflagellatcs. Thus the schizogony of Schizotry- 
panum discovered by Chagas has been compared to that of a malarial parasite, 
and has been adduced seriously as an additional proof of the alleged affinities 
between trypanosomes and hacmamcebie. But “ schizogony '’—that is, repro- 
duction by simple or multiple fission without concomitant sexual phenomena, 
—occurs throughout the whole range of the Protozoa, and affords no proof 
whatever of genetic affinities. Those who bring forward such an argument 
must surely have forgotten that the word “schizogony” was originally 
coined by Schaudinn for the non-scxual multiplication of Trichosphccrium 
sieboldi, a marine Rhizopod (p. 181). 

2. Cytological Data.— -Tho theory of the Ha'moflagellato affinities of the 
Ha-mosporidia has led to tho most laborious and painstaking efforts to discover 
in the body of each and every Ha*mo8poridian parasite, in at least some of 
its phases, a second nucleus, the homologuo of the kinetonucleus ; and any 
little granule, however minute, that can be coloured like chromatin is pro- 
claimed triumphantly to be the inevitable kinetonucleus, or any streak of 
similar staining properties to be a flagellum. 

Consider first by itself the case of a cell in which, in addition to the nucleus, 
there is seen a grain which, by some particular dye, is stained in a manner 
similar, or nearly so, to the chromatin of tho nucleus. This is not by itself 
a decisive proof that the grain in question is chromatin, since, as pointed out 
above, other grains may take up so-called “ chromatin-stains ” ; the body 
in question may therefore be chromatin or some other substance. If it bo 
chromatin, it may bo a chromidial granule extruded from the nucleus ; or it 
may bo a body of the nature of a karyosome, situated close to the edge of the 
nucleus, or possibly, in some cases, where the nucleus has no limiting mem- 
brane, a little way from tho main mass of the nucleus ; or it may be a true 
kinetonucleus. If it be not chromatin, it may be a centrosome or blepharo- 
plast ; or a grain of metachromati nic substance, such as volutin ; or, lastly, some 
other kind of metaplastic body. There are therefore many possible alterna- 
tives before a grain that stains like chromatin can be identified definitely as 
being a kinetonucleus and nothing else. 

What are the criteria by which a grain that stains like chromatin can bo 
identified as a kinetonucleus, to the exclusion of other possible interpretations 
of its nature ? In tho first place, according to modem views (see p. 288, 
supra, and compare especially Rosenbusch, 506), a kinetonucleus is not a 
simple granule, mass or lump of chromatin, but it is a true nucleus with 
centriolo, karyosome, and a nuclear cavity, actual or virtual, containing 
nuclear sap at least, if not peripheral chromatin also. Secondly, a kineto- 
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nucleus when present is a permanent cell-element which, like the principal 
nucleus, divides when the cell divides, and is propagated by fission e(pially 
with the cell itself. Thirdly, and this is the most important criterion of all, 
the kinetonucleus is in relat ion with a flagellum during at least some ])hascH 
of the development, though for a time the locomotor apparatus may h'. 
^temporarily absent, its existence indicated only by the kinetonucleus during 
resting phases. 

The smaller chromatinic body of may be cited as an example of 

a body which fulfils theso conditions, and which can bo identified unhesita- 
tingly as a true kinetonucleus, homologous in every way with that of a try- 
panosome. But with the alleged kinetonuclci of Hamiosporidia the matter 
stands quite otherwise. It is not possible to discuss fully here ('.very separate 
instance;, but a few typical examples of such bodies may bo ch'alt with 
briefly. 

In female haltcridia and leucoeytozoa (Fig. 158), a large grain is seen by 
the side of the nucleus, and often interprctwl as a kinetonucleus. Until this 
body has been shown conclusively to be r(;lated in some phase of the life- 
history to a flagellum, it is far simpler to regard it as a karyosomo which, 
like that of the morozoites of Addca (Fig. 15.‘1, F), is (;xcentric, or possibly 
extranuclcar in position; assuming, that is, that the body in question is a 
true chromatinic nuclear element. 

In the morozoites of Proteosomu, Hartmann (075) has discovered a flagellum- 
like process at the anterior end, arising from a grain which he regards as a 
kin(;tonucleu8 (“ blcpharoplast ” in the German use of the term), thus con- 
firming certain obiter dicta of Schaudinn (132, p. 430) with regard to the; mero- 
zoites and sporozoites of the tertian parasite. It may be pointed out that the 
rostrum of the sporozoites of Gregarines appears to be a }X!rfeetly similar 
structure, which very possibly rcprcs(;nts a rudimentary flagellum arising 
from a true blei)haroplast of centrosomic nature. Harfinann’s discovery is 
therefore more proof of the affinities of protcosoma with other Telosporidia 
than with Hapmoflagellates. 

The supposed kinetonuclci of piroplasms have been mentioned above ; the 
entire abscnico {face, Hartmann) of flagcllatc<l stages throughout the life- 
cycle make it impossible to accept any such interpretation of the nature of 
these granules so highly inconstant in their occurrence. 

Lastly it should be mentioned that Schaudinn, and recently Hartmann, 
have maintained that the microgametes of haltcridia and other Hamosporidia 
have the structure of a trypanosome. Inasmuch as Schaudinn als(^ pointed 
out the groat structural similarity between trypanosomes and sp(;rmatozoa, 
this point might not count for much, oven if it were true ; unless the Metazoa 
also are to bo classified amongst the Binucleata, a conclusion which, indeed, 
seems to follow from the nuclear theory of Hartmann and Prowazek (03). 
In objects of such extreme minuteness, however, statements ascribing to them 
complicated details of structure must be regarded with great scepticism until 
thoroughly substantiated. It is a sufficient warning of the need of caution 
to bear in mind the controversy that has raged over the question of the minute 
structure of 8pirocha;t(;s, with regard to which Schaudinn was obliged to 
retire from the position ho took up at first — namely, that their structure was 
similar to that of a trypanosome. 

3. Possible Transitional Forms . — ^Tho parasite of kala-azar was originally 
described by Laveran under the name Pirojdasma donovanit* in the belief that 
it was a true piroplasm ; and many writers have been struck by th(i external 
similarity of the two parasites, in spite of the difficulty in finding in Piroflasma 
a satisfactory representative of tho constant and definite kinetonucleus of 
Leishmania. In fact theso two genera are often cited as tho connecting link 
between Hacmoflagellates and Hacmojjporidia, and are supposed to indicate 
tho course of evolution whereby serum- parasites of the first type became 

♦ On the other hand, the parasite of Oriental Sore was first described by Wright 
under the name Hdcosoma trapicum, and referred to the Microsporidia. 
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cell-parasites of the second (compare Legcr and Duboscq, 646). However 
enticing such a view may seem wlien only the forms parasitic in the verte- 
brate hosts are taken into consideration, the facts of the development in the 
invertebrate hosts must disptd completely any notion of affinity between 
the two types. Nothing could be imagined more different than the develop- 
ment of Leiskmania, with its typical leptomonad forms (Fig. 140), and that 
of Piroplasrm (Fig. 162), with no flagellated stages at all in its life-cycle. It*' 
becomes evident jit once that any apparent re.semblanco between the two 
g(mera is due to convergent adaptation induced by a similar mode of parasitism, 
and that the two forms are in reality poles apart, with no more real affinity 
than por|)oises and tishes, or bats and birds. It is certainly not at this 
point that any transition from one group to the other is to bo sought.* 

In the foregoing paragraphs an attempt lias been made to sum 
up the arguments for and against the theory tliat the Haemosporidia 
are to be removed from the vicinity of the Coecidia,and classified 
with the trypanosomes and allied forms in an order of the Magellata. 
When the evidence oti each side is weighed in the balance, in one 
scale must be placed the complete similarity of the life-cycler! of 
typical Coceidia and Hamiosporidia, a similarity seen in every phase 
of the life-cycle, and extending ev(ui to minor developmental 
details ; and in the other scale certain cell-granules of doubtful 
significance. It is almost inconceivable that more importance 
should be attached to cytological details, the genetic and classifi- 
catory value of wliicli is at present quite uncertain, than to the 
homologies of the life-cycle as a whole, in estimating the affinities 
of tlie orders of Protozoa ; the more so since even in the Hauno- 
fiagellates themselves tlie possession of the binucleate type of 
structure does not, apparently, indicate a common ancestry for all 
members of the group. 

^riie conclusion reached is, then, that the Haemosporidia as a 
group, excluding doubtful forms insufficiently investigated at 
present, arc closely allied to the Coceidia. It is, indeed, probable 
that there are two lines of evolution in the group — the one repre- 
sented by the ha'inamooba?, halteridia, and true leucocytozoa, 
descended from a CoccidiumAike ancestor ; the other represented 
by the hamiogregarines, from an ancestral form similar to Adelea 
or Orcheohius. Leger (644) has classified the haemogregarines in 
the section Adeleidea of the Coceidia, and one may regret that 
the distinguished French naturalist did not go one step farther and 
place the hamiamoebae in his section Eimeridea (sec p. 352, supra). 

On the other hand, any resemblances which the Hamosporidia 
exhibit to trypanosomes and allied forms are due to convergent 
adaptation on the part of the Flagellates themselves, and more 
especially to the secondary acquisition by the latter of intracellular 

* I^^or and Duboscq (646), who dorivo Leiskmania and Babesia directly from 
GrUhidta as a common ancestor, do not seem to have taken the development of 
Babesia IPiroflasma) into consideration at all ; they neither refer to it in their 
text nor cite any of the relevant memoirs in their bibliography. 



THE HiEMOSPORIDTA 


395 


parasitism, and conscqucmt temporary loss of tlio locomotor 
apparatus. It may well bo, therefore, that some forms now 
generally included amongst the Hminosporidia (c.//., possibly tlie 
drepanidia) may prove, when better known, to be stages of H;cmo- 
•flagellates, and to have in reality nothing to do with the true 
Hccmosporidia. 

Affinities of the Telosporidia . — From the foregoing discussion, the 
(M)nclusion lias been drawn that the (Viccidia and the typical 
Haunosporidia are closely allied, sufficiently so to be grouped 
together in a single order, for which the name “ Coccidiomorpha ” 
may be used. In a former chapter (p. 354) tlie relationship of tlie 
(iregarines and Coccidia was discussed, and it was pointed out 
that there was no difficulty in assuming a (iommon ancestral origin 
for the two groups — a conclusion which, indeed, has never been 
(!alled in question. The Telosporidia, taken as a whole, may be 
regarded, therefore, as a homogeneous and natural grou]), in whi(4i 
the close affinity existing between its constituent members may^be 
regarded as indicating a common phylogemdic origin. If this 
conclusion be accepted, it remains to discuss the affinities of tlie 
Telosporidia as a whole to other groups of Protozoa. It is not 
unreasonable to suppose that a parasitic group of this kind has been 
evolved from free-living, non-parasitic ancestors, and the (piestion 
to be discussed is to which of the groujis of Protozoa tlu^ ancestral 
form of the Telosporidia belonged. Of the three great (’lassi's of 
the Protozoa, the Infusoria may almost certainly be exchuhal 
from consideration in regard to tliis question, since, in view of the 
very specialized and definite features of this group, there are no 
grounds whatever for connecting them with the Telosporidia. 
There remain, therefore, only the Sarcodina and Mastigophora to 
be considered. 

At different times two opposed theories have been put forward 
with regard to the affinities and ancestry of the Sporozoa. One 
view secs in them the descendants of typical forms of ISarcodina, 
such as Ammha (Awerinzew, 890) ; the other derives them from 
flagellate ancestors such as are represented at the present day by 
Euglena or Astasia. It is no longer possible, however, to r(‘gard the 
Sporozoa as a whole as a homogeneous group, and the two so-called 
“ subclasses,” Telosporidia and Neosporidia, must be considered 
separately, each on its own merits. The Neosporidia are considered 
at the end of the next chapter. The question hero is of the Telo- 
sporidia alone. For this group opinion is practically unanimous at 
the present day in favour of a flagellate ancestry, a theory which 
must be considered critically. 

One of the main arguments generally put forward for the theory 
of the flagellate origin of the Telosporidia is the existence of flagel- 
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lated stages in the life-history. In the first place, the micro- 
gametes are very often flagellated, as has been stated frequently 
in the two foregoing cliapters. In the second place, the youngest 
stages in the development — the merozoites or sporozoites — exhibit 
structural features which are either those of a flagellate swarm- 
spore (Hartmann, 675 ; Schaudinn, 132), or can readily be derived 
from a flagellula in which the flagellar apparatus has become rudi- 
mentary, as in the sporozoites of gregarines, where the rostrum may 
bo interpreted, with a high degree of probability, as representing 
a rudimentary flagellum. The existence of flagellated stages of 
the kinds mentioned in the development of the Telosporidia is by 
no means, however, a cogent argument for a flagellate ancestry for 
the group, since quite typical Saroodina of all orders exhibit flagel- 
late swarm-spores and gametes. It may be urged that in the case 
of these types of Sarcodina, also, the existence of flagellate stages 
indicates a flagellate ancestry ; but such an argument merely 
evades the question at issue, which is not whether the Telosporidia 
are derived from Flagellata indirectly through Sarcodine ancestors, 
but whether or not they are descended directly from ancestors 
that were typical Flagellata. The existence of flagellated swarm - 
spores and of gametes representing a modification of such swarm- 
spores is not sufficient of itself to prove a flagellate ancestry for the 
Telosporidia. 

Far more cogent arguments for the flagellate affinities of the 
Telosporidia maybe drawn from the characters of the adult forms, 
especially from the gregarine-typo of body, elongated and ver- 
micular in character, and perfectly definite and constant in form, 
which occurs in every group of the Telosporidia at one point or 
another in the life-history. Such a type of body can be readily 
derived, as Butschli (2) pointed out, from an organism similar to 
Astasia or Euglena, in which the flagellar apparatus has been lost, 
and all special organs of nutrition, whether holozoic or holophytic, 
have disappeared in relation with the parasitic mode of life. On 
the other hand, the gregarine-type of body cannot be derived from 
the adult forms of the Sarcodina, which are typically amoeboid, 
and without any definite body-form other than that imposed by 
the physical nature of their body-substance. 

We may therefore consider the ancestral form of the Telosporidia 
to have been a flagellate organism with an elongated form of body, 
with a definite form, owing to the presence of a cuticle of a certain 
degree of thickness and toughness, and with a flagellar apparatus 
at the anterior end. Such a form would have been not unlike the 
leptomonads now found commonly as parasites of insect-guts ; 
but there is no reason to suppose the ancestral form to have had 
a kinetonucleus and the third type of flagellar insertion. Such a 
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form probably used its flagellum for the purpose of attaching itself 
to the epithelium of the digestive tract, as leptoinonads do now 
(compare Figs. 136, 137) ; and from this primitive type of attach- 
ment the epimerite of the gregarines may have been derived by 
•secretion of chitin round the attaching flagellum, just as the 
primitive tuft of fixing cilia, the “ scopula'^ of the primitive 
Vorticellids appears to become converted into the chitinous stalks 
of such forms as Epistylis (p. 441). 

The conclusion drawn from these various considerations is, 
therefore, that the Tclosporidia may be regarded as a group de- 
scended from flagellate ancestors modified in adaptation to a para- 
sitic mode of life ; not, however, specially from flagellates of the 
“ binucleato ” type of structure. 


Bibliography , — For references see p. 406. 



CHAPTER XVI 

THE SPOROZOA : III. THE NEOSPORIDIA 

A TYincAL member of the siibelass Ncosporidia m a parasite of 
which the life-cycle is initiated by the liberation from the spore 
of one or more amcobula} within the body of the host, in the digestive 
tract in all known cases. For this initial amtebula-pliase Stempell’s 
term, plationt {i.e., “wanderer”), may be employed conveniently, 
since in no (sase docs it remain in the lumen of the digestive tract, 
but penetrates into the wall of the gut, and in most cases migrates 
thence into some organ or tissue of the host, where it lives and 
multiplies actively, being usually at this stage an intracellular 
parasite, in some cases, however, occurring free in the blood or 
lymph. 

The planont-phase is succeeded typically by a plasmodial phase, 
which arises in some cases by simple growth of the amcebula 
(probably then a zygote), accompanied by multiplication of its 
nuclei ; in other cases by association together and cytoplasmic 
fusion of at least two distinct amcebula^, of which the nuclei remain 
separate. The plasmodial stage is very characteristic of this sub- 
class ; it represents the principal or “ adult ” trophic phase of the 
parasite, and is also the spore-forming phase ; and, as the name 
Xeosporidia implies, the production of spores begins, as a rule, 
when the plasmodium is still young, and continues during its 
growth. 

In some cases, however, no plasmodium is formed, but the 
plaiiont-phasc is succeeded by uninucleate “ meronts ” or schizonts, 
which multiply by fission and give rise ultimately to sporonts in 
which spore-formation sets a limit to the growth. In such forms 
the general course of the life-cycle is not essentially different in 
any way from that of a member of the Telosporidia, such as Coc- 
cidium. The tendency, therefore, of many Neosporidia to form 
spores during the trophic phase cannot be used to frame a rigorously- 
exact definition of the group. A more distinctive characteristic 
of the subclass is the complete absence of flagellated phases in 
any part of the life-cycle, and more especially the fact that 
398 
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the sporozoites are always, apparently, amoebulie, and never 
gregarinulse.* 

The Neosporidia are divisible into two sections, known re- 
spectively as the Chiidosporidia and the Haplosporidia. Tlie 
'( ■nidosporidia are distinguished by the possession in the spore of 
peculiar structures termed 'polar capsules, whicli are lacking in the 
Haplosporidia. 

A polar capsule (Fig. 163) is a hollow, pear-shaped body, witli a 
tough envelope, probably chitinoid in nature. It is situatc^d at one 
pole of the spore, with its pointed end immediately below the 
surface, in continuity with a minute pore in 
tile sporocyst. Coiled up within the capsule 
is a delicate filament, often of great length, 
probably of the same nature as the capsule, 
and continuous with it. Under suitable stimu- 
lation tlic polar filament is shot out through 
the ])ore in the sporocyst. In their structure 
the polar capsules resemble the ncmatocysts 
of the Coelentera. ]^]ach polar capsule is 
fornu'd within a capulogenous cell. 

The Cnidosporidia comprise four orders — 
the Myxosporidia, Actinomyxidia, Micro- 
sporidia, and Sarcosporidia. The Haplo- 
sporidia constitute an order apart. 

Order 1. : Myxosporidia. — This order is 
characterized chiefly by the following points : 

The principal trophic phase is a multinucleate 
plasmodium of relatively large size, resembling 
an amoeba in its appearance and movements. 

The spores arc also relatively large, and 
exhibit typically a binary symmetry, having 
a sporocyst composed of two valves and 
usually two polar capsules, sometimes increased 
in number to four, rarely reduced to one. 

The Myxosporidia comprise a great number of genera and species, 
parasitic for the most part in cold-blooded vertebrates, especially 
Ashes, in which they are found very commonly. They are not as 
yet known as parasites of birds or mammals, but a few species arc 
known from invertebrate hosts. 

Myxosporidia are typically tissue-parasites, occurring in various 
tissues of the body, by preference muscular or connective, but also 

♦ A possible exception to this statement is furnished by the family Codospor- 
idiidm of the Haplosporidia (p. 424). But the position of all the forms in this order 
is more or less questionable, and their attachment to the typical Neosporidia is 
still probationary. 



Fia. Kill. — Polar cap- 
sules of the spores 
of Myxosporidia. a, 
Polar capsule with 
the filament coiled 
within it ; h, with the 
filament partly ex- 
truded ; c, d, with the 
filament completely 
extruded. After 
Balbiani. 
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other classes of tissue. A few species are known to attack the 
nervous system — for instance, Lentospora (Myxoholm) cerebralis, 
cause of “ Orohkrankheit ” in Salmonidce (Plehn), and Myxoholus 
neurobius of trout (Schubcrg and Schroder). In the tissue attacked 
tile parasite may be concentrated at one spot, so as to form a dis- 
tinct cyst visible to the naked eye ; or jiarasite and tissue may be 
mixed up together in a state of “ diffuse infiltration ” such that 
microscopic examination is required to detect the parasite, and as 
its body becomes used up, to form spores, the tissue becomes in- 
filtrated with vast numbers of spores lying singly or in groups 
between tlie cells. 

In many species of Myxosporidia, on the otiier hand, the spore- 
forming plasmodial phase is found in 
cavities of the body — riot in any 
known instance in the lumen of the 
digestive tract, but frequently in the 
gall-bladder or urinary bladder of the 
host. In such cases the parasite 
may lie quite freely in the cavity it 
inhabits, or may be attached by 
its pseudopodia to the lining ej)i- 
thelium ; in the latter case the 
attachment is purely mechanical, 
and docs not involve injury to the 
epithelial cells. 

As might be expected, the Myxo- 
sporidia parasitic in tissues are 
often very deadly to their hosts, 
and are sometimes the cause of 
severe epidemics among fishes. 
Those species, on the other hand, 
which inhabit cavities witli natural 
means of exit from the body appear to bo as harmless to their 
hosts as arc the majority of parasitic Protozoa in nature. 

The adult trophic phase is usually a large amooba-like organism 
with a distinct ectoplasm and endoplasm. In some species the 
ectoplasm, which appears to bo purely protective in function, ex- 
hibits vertical striations, or is covered by a fur of short, bristle-like 
processes, the nature and significance of which are uncertain — ^as, 
for example, Myxidium lieberkuhni, the common parasite of the 
urinary bladder of the pike (Esox Indus), The form of the body 
changes constantly, with extrusion of pseudopodia, which are 
used for locomotion to a limited extent, more often for fixation, 
but never for food-capture. They may, however, by increasing 
the body-surface, increase also the power of absorption of food- 



Fio. 164. — Gfiloromyxum leydigi, 
parasite of the gall-bladder of the 
dogfish, skate, etc. ; trophozoite 
(plasraodium) in an active state. 
ect., Ectoplasm ; end., endoplasm ; 
y., yellow globules in the endo- 
plasm ; sp., spores, each with four 
polar capsules. After Th^lohan, 
from Minohin, magnified 525. 
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stuffs by diffusion, the method by wliich the organism, like otlier 
sporozoan parasites, obtains the required nourishment. The pseu- 
dopodia vary in form in different species, from coarsely loboso 
and blunt to fine filaments ending in sharp points. In some species 
•the formation of pseudopodia is localized at one pole of tlie body, 
termed “ anterior,” and in siieli cases a peculiar propulsive pseudo- 
podium (“ Stemm-pseudopodium ”) may be developed at tlio 


posterior polo like a tail, which 
by its elongation pushes the Ixidy 
forward.* 

The endoplasm is distinguished 
from the ectoplasm by its coarsely 
granular appearance. In addition 
to numerous nuclei and stages of 
spore-formation, the endoplasm 
may contain various metaplastic 
products, such as crystals, pig- 
ment-grains, fat-globules, etc. ; 
but never food- vacuoles or solid 
ingested food-particles. 

Tlie plasmodial trophozoite 
forms spores in its endoplasm, 
as a nile, during the whole period 
of growth, but may also multiply 
by plasmotomy. In Myxidium 
lieberkiihni, for example, plas- 
motomy proceeds actively during 
the summer months, and loads 
to the wall of the pike’s bladder 
being carpeted with the slimy, 
orange - coloured plasmodia, the 
presence of which can generally 
be detected at a glance ; spore- 
formation, on the other hand. 



Fio. 105 . — Leptotheca agilia: young 
plasmodial trophozoitoa in which 
the spore-formation has not begun. 
A, Individual moving forward by 
means of the “ Stemra-psoudopo- 
dium ” (at. ps .) ; B, individual in 
which only tne anterior paeudopodia 
are developed. After Doflein. 


takes place almost exclusively during the colder months of the year. 

Spore-formation in the Myxosporidia is a somewhat complicated 
process, and is accompanied by sexual phenomena, which are 
commonly stated to be autogamous, but which are probably 
nothing of the sort. There is a slight difference between the 
mode of spore-formation in the Disporea, in which each 
trophozoite produces but two spores, and the Polysporea, which 


produce many. 


* Auerbach (768, p. 11) seems to have mistaken altogether the significance of 
Doflein’s “ Stemm-pseudopodium,” and applies the term to the anterior pseudo- 
podia, which appear to be rather tactile in function in such cases. 

20 
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An example of the Disporea is Ceratomyxa drepanops€U(F, of whi('h the 
spore-formation is described by Awerinzew (759). The trophozoite lias at 
firat only two nuclei, which arc considered by Awerinzew to bo derived 
teyond all doubt,” from division of a single nucleus ; it seems far more 
probable, on the contrary, that the binucleate trophozoite is to bo (l(«rived 
/rom the association and fusion of two distinct planonts. Jn the biuu 
eleate trophozoite each nucleus divides by karyokinesis into two nuclei 
a larger and a smaller (Fig. !()(>, ^1). The two smaller nuclei are vegetative’ 
the two larger generative, in function. Round each of the two gciu'rat ivi’ 
nuclei the protoplasm l^ecomes concentrated .so as to form two cells which 
lie cmlwdded in the endoplasm of the trophozoite. Thi'se two ciills are usiiallv 
of distinctly different sizivs, and represiuit a inicroganK^tocyte and a macro- 
gametocyto respectively. Each gamctocyto next divides into two gaiiu'tes 
(hig. 166, li, C, D), and in each gamete a certain amount of chromatin is 
extruded from the nucleus, first into the cytoplasm of the gamete, and then 
into the endoplasm of the inothcr-trophozoito. TIhui each mi’erogamete 
copulates with one of the two macrogainctcs (Fig. 166, E, F). The two 
zygotes thus formed represent the sjxiroblasts, each of wliich forms a snore 
independently of the other. ^ 

Each sporoblast divides into two cells, a largcw and a smaller (Fig 166 0) 
and the smaller divides again into two (Fig. 166, II) ; the result is an aggregate 
of three cells: a larger, which gives rise ultimately to the two parietal cells 
which form the valves of the Sixiroeyst, and may termed the “ sporoevst- 
mother-cell ” ; and two smaller wlls, one of which is the mother-cell of the 
two capsulogonous colls, the other the future sporozoite or amcobula. The 
sporocyst-mother-cell may become temporarily separate from the cansulc- 
rnothcr-ccll and the amcebula. ^ 

The three colls of the previous stage build up the sjwro in the following 
manner : The sporozoite grows in size, and its nucleus dividi^s into two. TIio 
capsule-mother-ccll divides into two capsulogenous cells, each of which 
forms a jxilar capsule in its interior. The ammbula and the two capsulogenous 
cells are placed close together and arranged in a definife manner (Fig 166 I) 
The sporoeyst-raother-cell divides into two parietal cells (Fig. 166, J) which 
place themselves on either side of the cell-complex comiDosed of the associated 
ammbula and capsulogenous cells (Fig. 166, K), and each secretes one valve 
ot the sporocyst enveloping the whole complex. 

Thus the trophozoite consists finally of an amoeboid body containing two 


Fio. 166.--Spore-form8tion in Ceratomyxa drepanopsetta;. A , Trophozoite sketched 
in outline, showing in the plasmodium two generative nuclei (g.) each sur- 
7 * 1 ? vegetative nuclei (v.), which lie in the pro- 

toplasm of the body (left blank) ; note that the generative cells are of differont 
sizes ; B, C, the two generative cells have divided eaeh into two so that 
there are now two macrogamotes (?) and two microgametes (c? ) ; ehromatin 
18 being given oflE from the nuclei of the gametes into the cytoplasm • D each 
microgameto is apposed to a maorogameto ; the chromatin-bodies given off 
by the gamete-nuclei are now extnided into the plasmodial body • E F 
stages in the syngamy between the gametes ; in E the cell-bodies are fused* 
m l the zygotes (z.) are complete ; 0. each zygote (sporoblast) has divided 
into a larger (p) and a smaller cell ; II, the smaller coll in each sporoblast 
has divided mto two the capsule-motbcr-oell (c.m.) and tho spoiozoito (am) . 
the larger wll (p. >s the mother-ceU of the parietal cells : I. a single sporoblart 
showing the panetal inother-cell (p.) still undivided, tho spSroiS^(am) 
with Its nucleus divided into two, and two capsulogenous cells (c.g.) derived 
from dmsion o{ c.m in ff ,• d, a trophoaoite showing tho two parietal motheV- 
cel s of // each divided into two panetal cells (p.') but still serrate from the 
cell-complex consisting of the binucleate sjioroKiite (am) and the two oansu- 
logenous ee ls (c.g ) j g, union of all the cell-elements of the sporeTthe two 
IMnotal wlls (p. ) surround the cell-complci (drawn on a smaller scale than 
the last figure) ; £, spore nearly fully formed : n,p., nucleus of a parietal 
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Fia. 167. — Spore-fonnation in Sphceromyxa sabrazeai. A, Propagative cell with 
two nucfoi of different sizes ; B, two such propagative cells undergoing fusion 
to form G, a pansjxiroblast with four nuclei, two smaller, peripheral, the 
nuclei of the two envelope-cells, and two larger, central, the nuclei of the 
spore-forming elements ; D, pansporoblast with fourteen nuclei, eight pen- 
pneral, six central ; two of the latter, smaller than the others, represent reduc- 

[Continuzd at foot of p. 405. 
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vogeUtive nuclei and two spores. Each spore (Fig. 166, L) consists of (1) a 
sporocyst composed of two valves, each secreted by a jmrietal cell ; (2) two 
polar cajisules, each secreted by a capsiilogcnous cell ; (3) a binueleate aiiuebula, 
the sporozoite or sporoplasm. When the si^ore is fully formed, the colls which 
form the valves and jwlar capsules are used up and degenerate, remnants 
only of their nuclei being visible. The siwrcs reprmmt the propagative 
*phase, and the trophozoite with its vegetcitive nuclei degenc'rates. 

The Myxosporidia Folysporea differ from the Di8|X)rea in that the phvsmo- 
diuni contains a great number of nuclei, some of which are purely vegetative 
in function, others generative; and the plasmodium producics in its interior 
numerous spores, which are always formed in couples. This pt'culiarity is 
due to the fact that tlu^ two six^mblasts arise from a cell-comph^x which is 
termed a “ pansporoblast,” producing two 8iX)roblasts and two siK)r('S. 

8porc-formation in FolysiX)rea has been studied in Spheeromi/xa sahrazesi 
(not lahrazesi),{von\ the gall-bladder of Ilippocampm, by Sclirddc^r (767 and 768), 
and in Myxobolm pfnfferi, a deadly ti.ssiie-panvsite of tin? harljel, by Keyssclitz, 
Their ri^sults arc almost identical in each case, except for mimjr details, and 
are in the main as follows (Figf. 167, 168). 

The generative nuclei of th(5 plasmodium become the centres of a condensed 
patch of proto[)lasni (Fig. 168, A), forming a “ propagative cell ” (Keyssclitz). 
These cells may multiply with mitosis of the nuclei for a while, but finally 
proceed to sponi-formation. 3’hc nucleus of a propagative cell divides into 
two, a larger and a smaller, and division of tlu^ cell follows sooner or later 
(Fig. 167, A ,• Fig. 168, B, C). Two such couples of cells Ix'come asw)ciatcd, and 
the two smaller cells form an envelop(^ surrounding the two larger (‘(^lls, which 
by their a.ssociation form tlui f)ans[M)roblast (Fig. 1 67, B, C ; Fig. 168, />). Henci5 
the pansporoblast is from the first a comjdex of two distinct ctdls, and not, 
as was formerly supposed, a single cell. 3’he two C4‘lls of the pansporoblast 
may bo termed gamonts, since they give ri.se idtimately to gametes, but not 
to gajnetes alone, likis the garnetocytes of Ccralomyxa. The (sytoplasm of 
the two gamonts may fuse into one ma.ss, but th(i nuclei nunain 8e|)arate and 
undergo repeated divisions, until the pansporoblast within its enyeloi;o 
contains twelve nuclei, and may consist of as many separate cells (Fig. 167, D ; 
Fig. 168, B). The nuchn or cells then become arranged in a definite' manner ; 
(Mght of them take up a peripheral jwsition, four of them place themselvr^s 
more centrally (Fig. 167, E), The four central C(dls arc the gametes; their 
nuclei undergo reducing divisions, and the four c(*lls then pair off into two 
couples ; in each couph^ the cytoplasmic bodies of the* two cells fuse togtdher, 
but their nuclei remain distinct. It is probable that in each couple one 
nucleus is de.scendcd from that of one of the two original propagative cells, tho 
other nucleus from that of tho other. 

At this stagtj tho pansix)roblast divides into two masses, the sporoblasts 
Fia. 167 continued: 

tion-nuclci beginning to degenerate ; the envelope-nuclei are not represented ; 
E, the pansporoblast beginning to divide into two sporoblasts ; within the 
envelope are seen also some small bodies of doubtful nature; F, the two 
sporoblasts completely separated, between them two residual nuclei ; each 
sporoblast has six nuclei, four peripheral, two central ; at the two extremities 
of the 8[)oroblast the polar capsules are beginning to bo formed ; 0, one of 
the two sporoblasts at a later stage, showing two parietal cells, situated 
super6oially ; two nuclei of the capsulogenous cells, each near a prdar capsule; 
the two germinal nuclei close together at the centre ; and a resi«lual nuchms 
attached to the surface ; //, /, further stages in the development of tho 
sporoblast ; J, pans|X)ro blast with two spoms almost fully formwl, and the 
two residual nuclei ; each spore has a iJolarcapsule (p.c.) at each end, and near it 
a nucleus of the capsulogenous cell (n.r.) ; two large parietal nuclei {n.p.), in 
process of degeneration ; and two germinal nuclei (n.g.) ; K, L, M. fully- 
formed spores ; in K and M the two germinal nuclei arc still strparate. in 
L they have undergone fusion ; in if the two polar filaments are extruded. 
After Schroder (767 and 768). 
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each containing six nuclei— namely, four ptiripheral and two central 
(Fig. 167, F ; Fig. 168, F). The reduction-nuclei arc left out in the cold, 
and die off. From each sjX)robla.st a spore is formed in the following way 
(Fig. 167, Q~J ; Fig. 168, Q ) : Of the four peripheral cells, two arc parietal cells 
which give rise to the two valves of the sporocyst, the other two as capsu- 
logenous cells produce the two polar capsules ; the two central nuclei with the 
mass of protoplasm in which they lie become the amfcbula or sporozoite of' 
the spore. The sporozoite is thus at first binuclcate, but when th(i spore 
is fully formed its two nuclei fuse into one. There can be no doubt that this 
fusion represents a karyogamy, and that the single nucleus is a synkaryon. 
The cells which form the valves of the sporocyst and polar capsules degenerate 
when the spore is completely formed. 



1^10. 168.— Spore-formation in Myxoholm pfeifjeri A, Tropagativo C(‘ll from the 
lilasmodiuni ; Ji, divi.^ion of the propagative cell into two unequal halves ; 
C, the smaller cell of the preceding .stage a]iplic8 itself as a flattened (mvelopc- 
cell to the larger ; 1), a mass formed by union of two couples of cells similar 
to those of the preceding stage — the pansporoblast ; E, pansporoblast with 
fourteen nuclei, two representing the cnvclopc-cclls, and twelve arisen by 
division of the two larger cells of the preceding stage ; F, the pansporoblast 
divided into the two envelope-cells and two masses, sporoblasts, each con- 
taining six nuclei, which are arranging themselves so that two nuclei are 
niore central, four more peripheral in ix)sition ; 0, spore in process of forma- 
tion ; the sporooy.st is formed by two parietal cells (p.) ; at the upper pole are 
the two polar capsules (p.r.) in their capsulogenous cells ; and the lower part 
of the spore is occupied by the binuclcate amoebula {am.) ; H, ripe spore ; 
in the amcebula the two nuclei have fused into one ; lettering as in the last! 
After Keysselitz, 

Merciiir (765*r)), on the other hand, who has also studied the spore formation 
of Myxoholus pfeiffcri, differs from Keysselitz in his account, more 08 j)ecially 
with regard to the sexual processes. Ho affirms that the plasmodium contains 
four zones: (1) A peripheral zone, without nuclei or spores; (2) a zone of 
nuclei, all similar amongst themselves, which multiply by mitosis ; (3) a zone 
containing nuclei of different sizes and early stages of spore -formation ; and 
(4) a central region containing rijxi sjxires. In the third zone differentiation 
of microgametes and macrogametes takes place. The gametes copulate, and 
the zygote is a pans|x>roblast. Its nucleus (synkaryon) divides to form 
fourteen nuclei, two of which are rejected, while from the remaining twelve 
arise two sporoblasts, each with six nuclei, and finally two spores. 



TttE NEOSPOREDIA 


407 


According to Aworinzew (760), in Myxidium sp. a propagative coll may 
give rise sometimeg to a single spore, as in Ceratomym, in other case's to thr(*o 
spores ; this must doubtless bo interpreted to moan that a propagative 
coll may become a sporoblast without entering into association with another 
propagative cell, and that in other cases three propagative cells may form 
an association ; these variations present an analogy with the solitary (uicyst- 
* rnent or triple associations of gregarinos (p. 331). 

The process of S 3 nigamy in those parasites has been described as being a 
process of autogamy, but whether it is so or not dej)ends entirely uprni the 
manner in which the plasmodium arises ; if a single, uninucleate anncbula 
becomes a plasmodium by growth accompanied by nuclear multiplication, 
then the sexual process is a case of autogamy ; but if, as is more likely, two 
or more distinct arntebuhTe become associated to form a plasmodium, then 
the two nuclei of the gametocytes in Disporoa, of the “ pansiX)ro blast ” of 
Polysporca, may well be of distinct parentage, and in that case the sexual 
process is not autogamous. 

Comparing the different modes of spore-formation, it is seen that 
ill all cases alike the spore arises from a sporoblast which divides 
into several cells : tw'o to form the sporocyst, which consists of two 
distinct valves meeting in a suture, and thus defining a sutural 
plane in the spore ; two (or four in Chloromyxidce) to form the 
polar capsules ; and a fifth to furnish the binucleate sporozoite. 
The spores of Myxosporidia have, as has been seen, a complex 
structure, and are highly characteristic bodies — the original psoro- 
sperms of Johannes Muller. In minor details of form and strueture 
they vary enormously in different species. The greatest diameter 
of the sjiore may lie in the sutural plane, as in Polysporca generally, 
or in a plane at right angles to it, as in Dispon^a (Eig. 169). The 
sporocyst may be prolonged into tails and processes of various 
kinds ; the polar capsules may be close together at one pole of the 
spore, or at opposite poles. In all cases, so far as is known, the 
spores germinate in the intestine of the new host, which becomes 
infected casually by taking in the spores with its food. Other 
methods of infection have been imagined, but have never been 
demonstrated experimentally. 

The most complete account of the germination of the spore and of the early 
development of the parasite in its new host is that given by Auerbach (758) 
for Myxidium hergense, parasite of the gall-bladder of Oadus virens. The 
spores from the gall-bladder pass through the rectum to the exterior. To 
develop further, they must bo taken up by the new host, in the stomach of 
which, however, the spores undergo very little change ; the sporozoite rounds 
itself off, and in some cases its nuclei copulate, in others they remain apart. 
From the stomach the sjxjres pass into the duodenum, and as soon as they 
are acted upon by the bile the jwlar filaments are extruded, the valves of the 
sporocyst split apart, and the amoeboid sporozoite creeps out. When the 
amoebula becomes free, its two nuclei fuse into one if they have not done so 
already. 

The free ammbula wanders actively up the bile-duct, and penetrates into a 
cell of the lining epithelium. Within the coll the nucleus of the iMirasite 
undergoes a cliango, becoming loo)so?r in texture. Tho aimebula leaves the 
and becomes free in the bile again, where it multiplies by fission, producing 
in this way very numerous amoebula?, which may occur singly or in clumps. 
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The amcebulse next associate in couples. In each couple the cytoplasm of 
the associates undergoes partial fusion. In one associate the looseJy-texturcd 
nucleus remains unaltered ; in the other the nucleus divides by mitosis, and 
one of the two daughter-nuclei, with a small quantity of the cytoplasm, is 
cast off. The bodies of the two associates now fuse completely into a single 
mass containing two nuclei, a large and a sm.all. The larger nucleus reprcscnls 
the unaltered nucleus of one of the two original associates ; the smaller ® 
nucleus is the reduced nucleus of the other associate. 

The hinuclcate stage formed by the association of two amoebulm (planonts) 
is the foundation of the plasrnodium. The two nuclei remain separate and 
multiply independently, maintaining their difference in size. Hence the 
young plasmodia consist of nuclei of two sizes, small and largo ; and this 
difference in size, which has often been noted in the plasmodia of other 
species, is due, according to Auerbach, to the fact that the smaller nuclei are 
derived from a nucleus which has undergone reduction, while the larger nuclei 
are derived from one which has not done so. 

So far as it is possible to generalize from the few recorded observa- 
tions and experiments, the germination of the Myxosporidian spore 
probably takes place always in the digestive tract of the new host. 
The first act in the process is the rounding off of the amoeboid 
sporozoite ; next the polar capsules are discharged, tire function of 
these organs being, apparently, that of fixing the spore to the wall 
of the gut. Then the two valves of the sporocyst separate, and 
the amoebula creeps out ; its two nuclei copulate to form the syn- 
karyon, if they have not done so already. In this way the planont- 
pliase arises from the sporozoite, and is set free in the digestive 
tract, whence it migrates to the organ or tissue of which it is a 
specific parasite. When its destination is an organ which, like the 
gall-bladder, is in open communication with the gut, the migration 
may be comparatively simple and direct ; but in the majority of 
cases the journey to be accomplished is a complicated one. It is 
probably safe to assum3 that in most cases the planont passes 
through the wall of the ^ut into the channels of the blood or lymph, 
and by this route arrives ultimately at its destination. In the 
organ or tissue which the parasite attacks, the planont probably 
passes through a period of cell-parasitism and proliferation by 
binary fission ; ultimately the plasmodial phase is initiated by 
association of two planonts, of which the bodies fuse, but the nuclei 
remain separate. Growth of the body with independent multipli- 
cation of its nuclei to four (Disporea) or many (Polysporea) produces 
the spore-forming plasrnodium characteristic of the order. 

The Myxosporidia are classified as follows : 

SuBORDEB I. : Disporea. — Only two spores formed in the plasrnodium. 
The greatest diameter of the spore is at right angles to the sutural plane 
(Fig. 169). 

One family, CeraUmyxida;, with two genera : Ceralomyxa, with several 
species parasitic in the gall-bladders of fishes; Leptotheca (Fig. 165), in- 
cluding several species from gall-bladders of fishes, but L. ranarum occurs 
in thelddneys of frogs {Bam spp.). 
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Suborder II. : Polysporea.— Numerous 8p<^)res formed in the plasmodium. 
The greatest diameter of the six)re lies in the sutural plane. 

Throe families : (1) MyxoboHdm^ with two polar cajMiules (sojiitdimes rodueed 
to one), and with a peculiar vacuole, which stains with iodine, in the anuebula. 
Typically tissue -parasites of fishes ; principal genera Myxoholus, with round 

oval spores, and Henneguya, with tail-like processes to the spore. 

(2) Myxidiidee ; spores with two jxilar capsules, no iodinophilous vacuole ; 
typically “ free ” (t.e., coelozoic) jiarasitcs. Principal genus Myxidimn, 
with the polar capsules at opposite polos of the spore ; M. lieberWini, the 
common parasite of the pike. 

(3) Chloromyxidcp., with four polar capsules; the best known sjxicies is 
CMoromyxum leydigi [Fig. 164), from the gall-bladder of various Elasmobranch 
fishes. 

To the typical Myxosporidia enumerated in the above summary must be 
added two genera recently described : 

Coccomyxa morovi (Lcger and Ilessc, 76.5), from the gall-bladder of the 
sardine ; the plasmodium has only two nuclei, a large and a small, and forms 
a single spore with two valves and two parietal cells, one jxdar capsule, and 
an anuebula with two nuclei. This form seems to Ixi transitional between 
Myxosporidia and Microsporidia, and should ^x^rhaps form the type of a third 
suborder, the Monosporca. 

Paramyxa paradoxa (Chatton, 761), a parasite of the intestine of a p(6agic 
Annelid larva ; the multiplicative anuebula stage is succeeded by a plasmodial 



stage with two nuclei of un(‘qual size, which multi[)ly by fission. Finally 
the plasmodium produces four spores, each with a single parietal cell and no 
polar capsule. Chatton is of opinion that this sfxjcies is the type of a new 
order of Cnidosporidia, to be named Paramyxidia. 

Order II. ; Actinomyxidia. — ^Tlie members of this group arc 
only known, up to the present, as parasites of oligoehsete worms, 
fresh-water or marine. They were discovered originally by Stold, 
who found, in the intestinal epithelium of different species of Tuhi- 
ficidee, the spores of three genera of these parasites, named by him 
Synactinomyxon, Hexactinomyxon, and Triactinomyxon, respectively. 
Ihe nature and affinities of these organisms remained for some time 
doubtful ; but the investigations of Caullery and Mesnil (769) on 
Sphceractinomyxon stolci, a species found by them in the codome of 
several species of Tuhificidee, established indisputably the position 
of these parasites amongst the Cnidosporidia. Their distinctive 
features are — first, that the plasmodial stage is represented only by 
a binucleate amoebula, which is the spore-forming phase ; secondly, 
that the spore is of very large size and exhibits a ternary symmetry, 
with three valves and three polar capsules. 
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The development of Sphceractinomijxon (Pig. 170) begins with a uninucleate 
amoebula (Fig. 170, A), which represents the planont phase, and doubtless 
multiplies by tission, since those parasik^s, though rare generally, occur abun- 



liu. 170. Stages in the development of Uplujeraciinomyxon sldci. A, Amojbula 
with a single nucleus ; B, binucleate amoebula ; 0, the two nuclei of the 
preceding stage have each divided, and the body is divided into four colls, 
two peripheral envelope-cells and two central germinal colls ; D, the space 
enclosed by the envelope-cells has become greatly enlarged, and the two 
germinal cells have divided into four ; E, the germinal cells have increased in 
number by repo^ated division into sixteen, which as gametes are copulating 
m eight pairs \ F, G, two stages in the fusion of two gametes ; //, the zygote 
has divided into two cells ; in one of these (on the left), which will form the 
germinal mass of the spore, the nucleus is at this stage undivided ; in the 
other (on the right), which will form the accessory structures of the spore, the 
nucleus has divided to form six nuclei ; 7, further stage of the preceding : 
in the germinal cell (on the left) the nucleus has divided into several nuclei 
of unequal sizes ; the sporal tissue (on the right) is represented by six cells, 
three peripheral, the parietal cells, and three central, the capsulogenous cells ; 
J, npe spore, enclosed by a sporooyst composed of three valves meeting in 
sutures ; the germinal mass {g.), separate in the preceding stage, has migrated 
* 1 ,*^*^ interior of the spore, and contains an immense number of nuclei ; 
at the upper polo of the spore are seen the three polar capsules (p.cX After 
Caulleiy and Me^nil (769). f j 

clantly in the infected animals. The planont phase is succeeded by a binu- 
170, li), the origin of which is uncortain, but which most 
probably prises from an association and plastogamic fusion of two planonts, 
and which represents the spore-forming phase. 



THE NEOSPORIDIA 


411 


The binuclcato ama?bula is succoedod by a stage with four cells (Fig. 170, C), 
the result of the division of each nucleus, with subsequent division of the 
cytoplasm of the ainocbula. Two of the cells take up a superficial position 
and form an envelo]X3 for the other two, which are the gamctocytes. Tin 
two enveloping cells do not develop further, but the two internal wlls proeeed 
^to multiply by repeated division to form sixteen gametes (Fig. 170, /), A’), eight 
derived from each of the gametoeytes. The gametes now copulate in pairs, 
tliosc of each couple being slightly different from one another, chiefly ar. 
regards the size of their nuclei. It is very probable that in each couple one 
gamete is descended from one of the two original gamctocytes, the other 
from the other (Fig. 170, F, G). In this way eight zygotes arc formed, each 
of which represents a s[X)roblast and proceeds to form a spore. 

Eadi sporoblast now divides into two cells, which may Ijo distinguished 
as Cell A and Cell B respectively. Cell A is the mother-cell of all the accessory 
elements of the spore— namely, parietal cells and capsulogenous cells. Cell B 
is the mother-c(dl of the germinal elements. The development of these two 
sets of elements proceeds at first quite iiidep<;ndently. Cell A divides into 
six colls (Fig. 170, H, /, right), three parietal ctdls which secrete the three 
valves of the sporocyst, and tlircio capsulogenous cells which produce the 
three polar capsules. Cell B is at first a cell with a single largo nucleus, which 
now iDogins to divide, and when it does so Cell B separates from the six cells 
derived from Cell A (Fig. 170, //, /, left). As a result of the nuclear division 
in Coll B, it Ixjcomcs a largo multinucleate plasmodium, the germinal mass, 
containing larger central nuclei, and smaller towards the ]XTiphcry. The 
larger nuclei are jx^rhaps trophic in function, the smaller germinal. 

As a result of these changes, the body now consists of two enveloi)e-c(!lls, 
dest ined to degenerate, containing sixteen cell*mas.ses ; eight, consisting each 
of the six spore-forming cells, which take up a more central position, and 
eight multinucleate gcrjuinal masses, which lie at the jx^riphery (4 tlie body. 
Each central mass forms the s|X)rocyst and polar capsules of tin? siwjns and 
when tliesc [xvrts are compleUdy formed tho germinal masses migrate bodily 
into tlio spores, each gorniinal mass occupying tho cavity of one of the sj)or(is 
(Fig, 170, ./). Within the sfK)re tho germinal mass remains for a t ime in the 
condition of a multinuckato plasmodium, but divides ultimiU’ly into a vast 
numl)er of uninucleate sjxjrozoitcs. Tho spore germinates, doubtless, in the 
digestive tract of a new host, setting free a swarm of amtebuhe which as 
planonts pass through the intestinal epithelium and initiate a fresh develop- 
mental cycle. 

The spore-formation in Actinomyxidia is seen to agree in all 
essential details with that of the Myxo.sporidia, and inasmuch as 
each zygote becomes a sporoblast, and gives rise to an entire spore, 
with all its accessories, the process is similar to that of the Hisporea. 
The chief points in which the Actinomyxidia differ from the Myxo- 
sporidia are the absence of the large trophic plasmodial stage, the 
ternary symmetry of the spore, and the enormous number of sporo- 
zoitcis contained in the relatively huge spore. 

Order III.: Microsporidia.— The chara(;UTistio feature of tin's 
order is furnished by the spores, which are minute oval refringent 
bodies in which no polar capsule is visible in the fresh condition ; 
but when treated with reagents the spores are seen to contain, 
with one exception, a single polar capsule, from which, after suit- 
able stimulation, a polar filament of very great length is extruded. 
The existence of the polar capsule in the Microsporidian spore was 
discovered by Thelohan, who in consequence of this discovery 
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united the Microsporidia with the Myxosporidia into a single order 
— tlie Myxosporidia {sensu latiori) — wliieli was divided by him into 
two suborders : Phaenooystes ( — Myxosporidia sensu sirictiori) and 
Cryptocystes (-Microsporidia). This classification is found in 
many textbooks ; but in view of the possession of polar capsules by^ 
other orders of the Cnidosporidia, it is more convenient to maintain 
the old order Microsporidia of Balbiani. 

The Microsporidia first attained an unenviable notoriety througli 
the ravages (iauscd by Noserna bomhycis, the cause of “ pebrine,” or 
silkworm-disease ; lienee the sjmres are often spoken of as “ pebrinc- 
corpuscles,” Tlie silkworm-disease was investigated by Pasteur, 
who found that the silkworms acquired the infection in two ways : 
first, by the contaminative method, by eating leaves contaminated by 
the faeces of other infected caterpillars, and thus infecting themselves 
with the spores of the parasite by way of the digestive tract; secondly, 
by the so-called “hereditary” method — that is to say, through 
the parasite penetrating into the ovaries and eggs of the female 
silkworm-moth, and, in the form of spores, remaining dormant in 
the- egg through its embryonic development until the hatching of 
the caterpillar, which in this way is born infected with the disease. 

In contrast with the Myxosporidia, the Microsporidia are chiefly 
parasites of arthropods, especially insects, and are comparatively 
scarce in fishes, from which, however, a few species are known — 
e.f/., (Uiigm slephani of the flounder, C, anomala of the stickleback, 
etc. Two species are known which arc parasitic in gregarines. 
No species of Microsporidia are known as yet from warm-blooded 
vi^rtebrates, though their occurrence in such hosts has often been 
alleged erroneously ; for instance, Leishmania tropica (p. 316), para- 
site of Oriental Sore, was referred originally to the Microsporidia 
by Wright (581) under the name Ilelcmorm tropicum. In addition 
to Noserna homhycis already hientioned, other highly pathogenic 
species are known — Thelohania contejeani, cause of destructive 
epidemics amongst river-crayfishes in parts of France ; and Noserna 
apis, cause of the recent destructive epidemic among hive-bees in 
England (vide Fantham and Porter, P.Z.S., 1911, p. 625). 

As a general rule the parasites of this order are cell-parasites, 
which multiply and form their spores within cells, and the trophic 
phase of the parasite is typically minute and microscopic in size. 
Usually some particular tissue is attacked, but the pathogenic 
species owe their lethal powers to the fact that they infest all the 
tissues of the body. In a few cases, however, the parasites produce 
c^'sts of relatively large size, visible to the naked eye in the tissues 
of the host — as, for example, the species of the genus Glugea, 

The most marked effect of the parasites is to produce, in many 
cases, an extraordinary hypertrophy of the host-cell, and in par- 
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ticular of its nucleus, wliich becomes of gigantic size, and multiplies 
by division, usually in a direct and irregular manner (Fig. 171). 
Hypertrophied nuclei may also come into contact with one anotber, 
and fuse into irregular masses ; and the nuclear hypertropliy aflects 
•not only the infected host-cell, but also neighbouring cells (Schuberg). 
According to Mercier, a species of Pleistophora parasitic in the cells 
of the fat-body of the cockroach stimulates the cells to multiply, 
with mitosis of the niKilei, and so form neoplasial growths. These 
facts arc of considerable interest from the point of view of the 
growth of tumours. 



Fia. 171. — Section of a testis-tubulo of a barbel infected by Pleistophora longifUia, 
showing the cysts of the parasite {P., P.) and the greatly hypertrophied tissue- 
nuclei {N., N.). After Schuberg. 


Corresponding with the two types of tho parasite mentioned above, there 
are two methods of development to bo distinguished in tho trophic pha.se. 
As an example of the first, Nosema hombycisj of which the development has 
recently been described in full detail by Stempell (785), may be selected ; 
while Olugea anonuUa (Stempell, 784) is an example of tho second type. 

The development of Noaema hombycis in the silkworm (Fig. 172) begins 
with small uninucleate amoebuloe, which are found first free in tho digestive 
tract, and later in the lymph-channels (Fig. 172, 5-8) ; they multiply by 
simple fission and wander all over the body, and are hence termed jdanonts 
(i.e., wanderers) by Stempell. After a time the planonts penetrate into cells, 
and there grow larger, assume a definite oval or spherical form, and 
become “meronts” or schizonts, which multiply by binary or multiple 
fission until they have filled and exhausted the host-cell (Fig. 172, 9-13) ; 
but they do not pass into other cells. The multiplication of the meronts may 
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^ nf f life-cyclo of Nosema homhycia. All the stages to the left 

^ '^***“” ^ *“ parasite goes 

through Its sporojony after active multiplication by schizogony. 1, 2. Siwres 
shomng the division of the two nuclei of the sporozoite f 3. 4. germinE 
of the s^re, showing first the extrusion of the polar filament, and then the 
escape of the sporozoite, which leaves two nuclei behind in the empty sporo- 
cyst and-comes out with two nuclei ; 6, uninucleate planont ; 6. multiplication 
of the planont by fission ; 7, 8, planonts, the latter entering the host-cell ! 


[Coniinued at foot of p. 415. 
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bo very similar in its general appearance to that of yeast-organisms, and 
may result in the formation of chains of cells. When tho host- cell is used up, 
the meronts do not multiply further, but produce a final genemtion of uni- 
nucleate cells which, as sporonts (Fig. 172, 13), give rise in this genus each 
to a single spore. 

In the development of a spore, tho nucleus of tho sporont (sporoblast) 
l)uds off three small nuclei (Fig. 172, 14), two of which, as parietal nuclei, 
form the sporocyst, while tho third is concornod with tho formation of the 
single ] 3 olar capsule, and tho fourth or principal nucleus remains as t he nucleus 
of the ammbula (Fig. 172, 16). Doubtless there are divisions of the ]irolo- 
})laHm corresponding to tho divisions of tho nuclei, but in such minute bodies 
they cannot be made out clearly. The siX)rocyst, when formed, is a tough 
capsule, which, though produced by two ccdls, docs not show any indicat ions 
of a double composition, but apjicars to Ixi cast in one piece. In some species 
only a single parietal (xdl has been seen. Tho spore as a whole (Fig. 172, 10, 
1, 2, 3) is egg-shaped, with one end, commonly termed “ anterior,^* narrower 
than tho other. It contains two vacuoles, one near tho anterior, the other 
near tho posterior end. Tho single |)olar capsule is of relatively largo size ; 
situated axially in the spore, it occupies its whole length, and contains a polar 
tilament of immense length, wound spindly in its interior. In Qlwjca anomala 
a siDore 6 m in length may eject a polar filament 150 n long (Stempell, 784) ; 
while in Pleistophora longifilis the filament may mcui-suro as much as 510 
more than forty-one times the length of the spon> (Schuberg). Tho existence 
of a polar capsule is denied by Schuberg, who maintains that the filament 
is coiled up within tho posterior vacuole of tho spore, 

Tho amcebula occupies tho middle region of tho spore, between tho two 
vacuoles, and apparently separating them ; but in reality it has the form of a 
ring or girdle, wrapping round tho axial polar capsule and filament, and 
placed slightly nearer tho anterior pole of tho spore. Tho amoebula contains 
at first a single nucleus, which, according to Stemixill, divides into two and 
then into four. Schuberg, however, maintains that tho amoebula, and indeed 
tho entire spore, contains but a single nucleus ; ho denies tho exisleneo of 
parietal and capsulogenous nuclei, and in his opinion tho bodies that have 
been interpreted as such are in reality metachromatinic grains. Stcmpell’s 
description of the development of tho spore is, however, in accordance with 
that given by other investigators. 

When tho spore germinates in tho intestine of a new host, tho polar filament 
is shot out, and the amoebula creeps out through a pore at tho anterior end ; 
there would appear to bo at this point a small cap which closes tho spore, and 
which is blown off by the explosion of the polar capsule (Fig. 172, 4). Acconl- 
ing to Stempell, tho amoebula emerges from the spore with two nuclei, leaving 
the other two behind in tho sporocyst as reduction-nuclei ; then tho two nuclei 
of the amoebula copulate, in an autogamous manner, to form a synkaryon, 
and the uninucleate amoebula that results initiates the generation of planonts. 
It seems, however, not improbable that some process of copulation with other 
amoebulae, liberated from other spores, may occur at this stage, and remains 
to bo described. 

A life-cycle similar in the main to that described for Nosema homhycis, 
with planonts, meronts, and sporonts, as successive phases, is probably 


Fia. 172 continued: 

9—13, multiplication of the meront (schizont) in the cell, in two different 
ways, tho one shown in tho scries 9a, 10a, 11a, 12a, 13a, the other in tho series 
96, 106, 116, 126, 12c, 12d, 136 : 13, a and 6, young sporonts ; 14, divisions 
of the nucleus of the sporont ; two small nuclei which have been budded 
off at tho lower end are the future parietal nuclei ; from the principal nucleus 
the nucleus of tho polar capsule is being budded off ; 16, 16, formation of 
the spore, with two parietal nuclei, one capsulogenous nucleus applied to 
the polar capsule, and the nucleus of the sporozoite, at first single (15), later 
double (10). After Stempell (785), slightly modified. ^ 
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characteristic of Microsporidia generally. Its most important variations are 
exhibited in the mwle of spore-formation and in the vegetative or multiplicative 
stages. Only in the genus Nosema doe.s the sporont give rise to a single 
spore. In Thelohanm cho’toga.sfris, studied by Schroder (781), for example, 
the sporonts are distinguished from the meronts by being enclos(Kl in a 
delicate cyst, within which the sporont multiplies by successive divisions 
into eight uninucleate s[K)robla8ts (Fig. 173), connected at first by a central 
mass of protoplasm like a rosette ; l)ut as soon as the sporocyst is formed 
the sporoblasts become separate. The nucleus of each si^roblast divides 
until there are five, two for the amcebula, one for the polar capsule, and two 
for the sporocyst, and the development is similar to that of the spore of 
Nosema homhycis already described. 

A noteworthy feature of many Microsporidia is that the spores formed are 
of two sizes, microspores and macrospores, which may differ considerably in 
their dimensions. In Pleistophora longifilis the macrospores are 12 in 
length by C in breadth, while the microspores are 2 or 3 /a in length and 
broad in proportion (8chuborg). It is very probable that these differences 
are related to differences in sox of the contained amoebulse, and that the two 
kinds of spores produce macrogametes and microgametes respectively. 



Fio. 173. — Stages in the spore-formation of Thelohania chcBtogastris. A, Uni- 
nucleate sporont ; B, 0, division of its nucleus into two ; D, E, F, 0, division 
of the nucleus and body into four ; H, division into eight sporoblasts ; I, eight 
sporoblasts, each with the nucleus dividing again ; J, two sporoblasts from a 
clump, showing further divisions of the nuclei ; K, young spore showing two 
parietal and three central nuclei (nucleus of the oapsulogenous cell and two 
nuclei of the amcebula). After Schroder (781). 

In Pleistophora peripianetcBt according to Shiwago, several planonts 
(“ amreboids ”) fuse into a plasmodium; their nuclei become resolved into 
chromidia which become mixed together — ^a process interpreted by Shiwago 
as chromidiogamy. From the chromidia secondary nuclei are formed, which 
become the nuclei of the sporonts (“ daughter-amoeboids ”). The sporonts 
become free from the plasmodium and form spores. If this account be con- 
fomed, it is clear that the alleged autogamy of the MicrosjX)ridia, if it occurs, 
is not necessarily an autogamy without amphimixis. In Thelohania mcenadis, 
according to Perez (778), the nucleus of the sporont becomes resolved into a 
cloud of chromidia, from which the eight nuclei of the sporoblasts are recon- 
structed. 

The greatest difference in the vegetative phase from the condition described 
for Nosema hombycis is seen in the genus Olugea, where the multiplication of 
the meront leads to the formation of a multinucleate plasmodium — a result 
easily explained on the supposition that the nucleus of the meront divides 
repeatedly,, but the body as a whole does not do so. In this way a relatively 
large plasmodial trophozoite, comparable to that of the Myxosporidia, is pro- 
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duced, which may form a conspicuous cyst. From tho plasmodial stage 
sporonts arise by separation of a mass of protoplasm round a nucleus within 
the body of the parasite, and thus distinct cells are formed lying in vacuoles 
in the pJasrnodium. Such colls are commonly termed “ pansixiroblasts,” but 
tho uso of this term is best avoided, since tho colls in question are in no 
way equivalent to tho pansporoblasts of Myxosporidia, which are associa- 
•tions of two gamonts; but they correspond exactly to tho sporonts of 
hosema and other genera, and proceed to tho formation of spores in tho 
sporobfaste^^ described already, dividing first into several 

The Plasmodia of tho Olugm-iy^^ lead, as already stated, to tho fornia- 
tion of conspicuous cysts, visible to tho naked eye, in tho tissues of tho 
lost ; but tho composition and nature of these cysts are at present a matter 
of dispute. According to Stempoll (784), in Olugea anoinala, tho body of tlio 
parasite is sharply dohned and marked off from tho tissues of the host by a 
(“ Eigencyst ”) formed by tho parasite itself 
(1? ig. 174, e). VVitliin the autocyst is contained tho plasmodium, consisting of 



Fig. 174.-(?%ea anomoto, Moniez: part of a section of a cyst, c., Envelope 

protoplasm containing many nuclei, amongst which tho most conspicuous 
are large— indeed, rolatively gigantic-vegetativo nuclei, which multiply by 
direct division. From tho yegotativo nuclei tho minute nuclei of tho sporonts 
are stated to ariso, while in other case vegetative nuclei break up and do- 

Schroder (781) and Schuberg, on tho other hand, maintain that tho largo 
vegeUtive nuclei of Stempell aro in reality tissue-nuclei of tho host, greatfv 
hypertrophied and mixed up with tho plasmodium of tho parasite. Scluberg 
found iUt Pkistophora lo^ifais, from tho testis of the barS)l, causes a hyr^r^ 
trophy, no only of the host-cell in which it is contained, biit also of neSi- 
bourmg cells, the effect of which is to produce a sort of host- plasmodium ^as 
host-nuclei of irregular form (Pig! 171), amongst 
which the s^ronts and spores of tho parasite are scattered. Mrazek afso 
interprets the supposed vegetative nuclei of Myxocystia as hypertrophied 
host-nuclei (^ This interpretation of tho composition^S^ the^plas- 

modium greatly dimmishes, or even abolishes, tho principaldistinction between 
Olugea and the other genera of Microsporidia. In opposition to this ^ew. 

27 
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Stompcll (78C) brings forward a nuiiibor of arguments, the most cogent of 
wliieli is the existence of the autocyst separating the plasmodium of the 
parasite, containing tlio nuclei of disputed nature, from the tissues of the 
host. 

The most recent investigations of Awerinzew and Fernior confirm com- 
pletely Stemjxjirs interpret Jition of the cysts of Olvgea anomala ; compare also 
Weissenborg. These authors find nuclei of various sizes in the protoplasm of^ 
the cyst, larger or smaller. The larger nuclei are found in the outer, non- 
vacuolaUid protoplasmic layer of the Okiyea ; they grow in length and become 
sausage -shaped, and are ultimately segmented into smaller nuclei, which 
may form chains at their first origin, like the mcronts of Nosefna and other 
forms. In this way arise the smaller nuclei, which either become sporonts, 
or remain as vegetative nuclei in the protoplasmic walls of the vacuoles 
containing the spores, where they ultimately clegeneratc and break up. The 
sporonts are staled to arise in toto from nuclei, without visible participation 
of the protoplasm of the cyst ; they become enclosed separately in vacuoles, 
within which each sporont forms a cluster of spores. 'I’hus, in older cysts 
the central part of the body becomes divided by fine protoplasmic partitions 
into a mass of separate chambers or vacuoles, each containing ripe spores. 
Glugca anomala is to bo nsgarded, therefore, as a colonial organism in which 
mcronts and sporonts, homologous with those of Nosemay etc., lie embedded 
in the protoplasm of their own cyst— the mcronts in the peripheral zone of 
growth, the sporonts and spores in the central protoidasmic region of the 
cyst. 

Classification. — The two tyj^s of the trophic phase that have been de- 
scribed in the foregoing paragraphs have been utilized by Perez (779) to sub- 
divide the Microsporidia into two suborders, as given below. Stemixsll 
(785), on the other hand, divides the group into three families; the un- 
certainty that prevails at present with regard to the exact structure of the 
trophic phases in some fonjis is a hindrance to finality in the classification 
of this order. 

SuBOKDER I. : ^cnizoGENEA (scu Oligospoi-ca). — The principal trophic phase 
i.s a uninucleate nieront which multiplies by fission, and from which the sporont 
finally arises. Several genera, characterized by the number of spores produced 
by the sporont : One spore, Nosema ; two spores, Perezia ; four spores, Qiirkya ; 
eight spores, Thdohania ; sixteen spores, Duhoseqia (see below) ; n spores, 
Pleiatophora ; but Stcmpdlia (Leg(^r and Hesse, 775), for 8. mutabilis, 2 )arasite 
of the fat- body of F})hemcri(l larva*, produces si^res to the number of eight, 
four, two, or one indiflerently ; Ociosjwrea, the species of which arc parasitic 
in Musadu’, produces eight spores in one species, one in another. Those 
anomalies indicate that the classificalitui by the number of spores produced 
by the sporont is purely artificial (Chatton and Kreniijf). Tdomyxa giugei- 
fonnis (Leger and Hesse), also from the fat- body of Epheniorid larvae, pro- 
duces eight, sixteen, or n spores, and stands apart from all other known 
Microsporidia in possessing two polar capsules in the sjmre. 

SuBORomi II. : i3L.\sTO(}EAEA (st!U Polysporca).— The principal trophic phase 
is a multinucleate plasmodium producing sporonts by internal cleavage ; 
example : Glugca. To this section, also, the peculiar form Myxocystis has 
been referred, which was discovered by Mrazek in the body-cavity of Oligo- 
cha'tes. Myxocystis occurs in flic form of large masses floating freely in the 
body-cavity, each mass remarkable for an envelope composed of a fur of 
vertical filaments, not unlike stiff cilia, and enclosing nuclei and siX)rcs in 
various stage's of development. According to the most recent investigations 
of Mrazek, liowever, e'ach of these masses represents in reality a lymphocyte 
containing numerous parasites, which multiply and form spores, and provoke 
a great hypertrophy of the host-cell, accompanied by multiplication of its 
nucleus. Hence the true Myxocystis is an intracellular parasite referable, 
appartmtly, to the order Schizogenea, and characterizcid chiefly by the peculiar 
form of it^ spores. Duhoseqia legcri, Perez (780), from the body-cavity of 
Termes lucifugus, is jx^rhaps an organism of similar nature ; it is described 
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as a floating plasmodium in which sporonts arise, each of which produces 
sixteen spores ; it has, however, been referred by its discoverer to tlie Blasto- 
genca. 

Orderly.: Sarcosporidia.—lLho parasites of this order arc eon- 
sidered at present to eonstitute a single genus, Sarcocydis, with 
numerous species. In contrast to tlie tlireo orders of Cnidosporidia 
dealt with in the foregoing pages, tlie Sarcosporidia are pre-eminently 
parasites of tlio higher vertebrates, more especially of mammals, 
occurring occasionally, though rarely, in man (see Darling) ; but 
they are known also to occur in avian and re])tiliau hosts, though 
sparingly. On the other hand, no Sarcosporidia are laiown to be 
parasitic in invertebrate hosts of any kind. In their hosts the 
Sarcosporidia are tissue-parasites, occurring principally in the 
striped muscles, but occasionally in imstripcd. In a few cases they 
are found in connective tissue, but this appears to be a secondary 
condition in which a parasite living first in the muscle-fibres becomes 
free from them at a later period. As a general rule the Sarco- 
sporidia appear to be harmless parasites, which do not make their 
presence known by any symptoms of disease, and can only be 
detected by post-mortem examination. Some species, however, are 
an exception to this rule, and are extremely pathogenic to their 
host — for example, Sarcocystis muris of the mouse. The extent to 
which the health of the host is impaired ai)pears to be directly pro- 
portional to the numbers of the parasite in the body, and conse- 
quently to the power which a given species may possess of 
multiplying and overrunning the host. In most species the 
capacity for endogenous multiplication appears to be extremely 
limited. 

In spite of the fact that San^osporidia are very common parasites 
of domestic animals, and have been found fre(|uently in man, our 
knowledge of their structure and life-history is in a very backward 
state. As a rule Sarcosporidia present themselves as opaque, 
whitish bodies, usually elongated and cylindrical in form, encysted 
in the muscle-fibres of the infected animal, and known commonly 
as “ Miescher’s tubes.” They are distinctly visible to the naked 
eye, and often very large. Sarcocystis tenella of the slieep reaches 
a length of 16 millimetres, while in the roebuck {Cervus capreolus) 
cysts of 50 millimetres in length are recorded. The Miescher’s 
tube, when examined microscopically, is seen to bo a body of 
complex structure, and consists chiefly of vast numbers of sickle- 
shaped spores — “ Rainey’s corpuscles ’’—lying in clumps or bunches 
contained in chambers separated off from one another by partitions. 
The whole organism is enclosed by a distinct envelope, often ex- 
hibiting vertical striations, and the partitions betw'een the chambers 
containing the spores are continuations of the envelope. The exact 
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structure of the spores is still a matter of dispute, and it is 
possible that there is more than one kind of spore even in the 
same species of parasite. A remarkable feature of the spores — 
in some species, at least — is that they are motile when set free : 
for example, in S. muris. They are also extremely delicate^ 
structures, easily injured by external media, in marked contrast to 
the spores of the other orders of Cnidosporidia. The spores of 
S. muris, S. herlrami (of the horse), and S. tenella, reproduce them- 
selves by division (Negri, Eiebiger, Teichmann). Finally it must 
bo mentioned that the spores of Sarcosporidia contain a true toxin, 
which was named by Laveran and Mesnil “ sarcocystine.” Its 
properties have been investigated recently by Teichmann (25) and 
Teichmann and Braun (26). 

The natural mode of transmission of the Sarcosporidia remains 
to be discovered. It was found by Theobald Smith that mice could 
bo infected experimentally with /S', fnuris by feeding them with the 
flesh of other infected mice ; but it is extremely unlikely that 
cannibalism is the method whereby sheep and other ruminants 
become infected with these parasites. All experiments indicate 
that the spores germinate in the digestive tract of the new host ; 
but the delicate nature of the spores seems to preclude any possi- 
bility of the occurrence of ordinary contaminative infection, as in 
other Cnidosporidia. In this connection attention should be drawn 
to the statement of Watson, that the spores are to bo found in the 
circulating blood, indicating the possibility of transmission by an 
intermediate host. 

In spite of several recent investigations upon the structure and develop- 
ment of the Sarcosporidia, the subject is in a confused state, even the structure 
of the spores being still disputed. It is therefore difficult to obtain a clear 
notion of the course of the life-cycle in these organisms. 

According to Laveran and Mesnil, the spores of S. tenella (Fig. 176) are 
sausage-shaped bodies, curved, with one end more pointed than the other. 
At the pointed end is a striated structure representing a polar capsule, and 
at the blunt end is a nucleus, while the middle of the body is occupied by 
coarse, deeply-staining, metachromatinic grains. Watson also figures a large 
nucleus near tlic blunt end of the spore, and places the polar capsule at the 
pointed end. Negri also describes the spores of S. muris and bertrami as 
having the nucleus near the blunt end, while the opposite extremity appears 
hyaline and homogeneous for a certain distance. Betegh, again, describes 
a nucleus at the blunt end of the spore, and one or two “ centrosomes ” in the 
middle region. Erdmann (790), on the other hand, places the nucleus in the 
middle of the body amongst the metachromatinic grains, and describes it as 
consisting of a large dense karyosome lodged in a small vacuole ; she docs not 
seem to be decided, however, whether the jK/lar capsule is at the pointed or 
the blunt end 'of the sj/ore. Teichmami describes a large nucleus at the 
blmit end of the body, and is doubtful as to the existence of a polar capsule. 
So far as it is possible to draw any conclusions from so many contradictory 
statements, the clear description given by Laveran and Mesnil seems to be, 
on the whole, confirmed. But according to Crawley, the spores of S. rileyi 
are binueWate ; compare those of Oastrocystis (Fig. 179, p. 428). It is not 
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clear which part of tho spore contains the amccbula which is liberated 
from it, as presently to be described. 

Tn addition to spores having tho complicated stnictnre dc'serihed for those 
of S. tendla, there appear to ho also 8|3orcs of much simpler structure, as, 
for oxami)](s in /S. muris. Apparently the more complicated spore is propa- 
• gativo in function, serving to infect now hosts, while tho simpler form, which 
should perhaps be regarded rather as a s|^>oroblast, as a simple cell not differ- 
entiated as a spore, serves for spreading tho infection in tho same host. Tho 
occurrence of tho simpler typ(5 of spore in A', mnris w'ould account for tho 
manner in which this parasite overruns its host, and is usually lethal to it, 
while »S\ tendla, which appears to produce chicdly propagative sport's, is a 
harmless parasite. How far these suggestions are true must be determined 
by future investigations. 

The discovery made by Smith, mentioned above, that mice could be infected 
with muris by feeding them with the flesh of other infected mice, has been 
confirmed and extended by other observers. According to Negro, tho focces 
of mice which havo been fed with infected muscular tissue are, infective to other 
mice if ingested by them ; th(\y possess this power about fifteen to sixty days 
after tho mouse was fed with mus(^l(5 containing Sarcosporidia, and retain 
their infcctivity oven if kept dry in an ojx-n bottle for a month, or heated to 
(!. for fifteen minutes. N('gri was able to infect 
guinea-pigs with d. mvris by feeding them with the 
flesh of infected mice, and found that in the guinea- 
pig tho parasite apix'ared with quite different cliar- 
acters from those which it presents in tho mouse, so 
that it might be taken easily for a distinct species. 

Darling also infected guinea-pigs with S. muris in 
tho same way, and points out the resomblanco 
between the oxjx'ri mental sjirco.sporidiosis of tho 
guinea-pig and a case of human sarcosporidiosis 
observed by him ; it is suggested that tho sarco- 
sporidipj occasionally observed in the human subject 
are those of some domestic animal undergoing a 
modified or abortive development in a host that is 
not their usual one. Erdmann also infected mice 
with d. tenella in a similar manner. It is remarkable 
that parasites generally so harmle.ss should bo so 
little specific to particular hosts, and tho results of 
Negri render the value of tho characters used for 
distinguishing species of Sarcosporidia as doubtful in 
their validity as the distinctions founded on their occurrence in certain hosts. 

According to Erdmann (701), tho spore germinates in tho intestine of tho 
new host, and the first act in the process is the liberation from the spore of 
its toxin, sarcocystino, which causes the adjacent epithelium of tho intestine 
to bo thrown off. At tho same time an amccbula is set free from tho spore ; 
and, owing to tho intestine being denuded of its lining epithelium, the amccbula 
is able to penetrate into the lymph-spaces of tho submucous coat and establish 
itself there. Before this happens, however, tho motachromatinic grains of tho 
spore disappear, and it is suggested that this disappearance is related to tho 
secretion of tho sarcoeystine, and that tho toxin is contained in tho metachro- 
matinic grains. If, however, a polar capsule be discharged during tho germina- 
tion of the sjwro, as in other CMidosporidia, it might well bo that the toxin 
is contained in tho polar caj^ule, and is set free by its discharge, like tho 
poison in the nematocysts of tho Coelontcra. However that may bo, it would 
appear as if the sarcoeystine were a weapon, as it were, the function of which 
is to facilitate tho invasion of tho germ, the amoebula, by destroying tho lining 
epithelium of tho gut. 

The liberation of the amccbula from the spore initiates the first period 
of tho development, which is passed in the lymph-spaces of the intestine, 
and which lasts, according to Erdmaim, some twenty-eight to thirty days. 



Eio. 175. — Spores of 
darcocystis tenella, 
A, In tho fresh 
condition ; li, after 
staining with iron- 
hsomatoxylin : N., 
nucleus ; c, striated 
body (polar capsule ?). 
After Laveran and 
Mcsnil. 
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v'* ‘ Noosporidia would lead us to identify this with the 
planont-phaso, initiated, jioasibly, hy sexual processes between diflerent 
a no. uhT a„d subs,., ,, lent active multiplication. The second period of 

muset m 1'^?",? ' a''’ of ^'o ameebiila into a 

sJoS' ‘ “ '^‘■Ofichcr’s tube and forms 

The intramuscular development of the jiarasite bcjjins by multiplication* 
of the nuclei to about twelve, forminf, a plasmodiiim (Fig. m. A). This next 
becomes <1 ivuled up, in parasites about t hirty-t lmw days old, into separate celis, 
I>ansjx)rob]a8t8or.sporont8, which multiply 
actively by division. Tlio form of tho para- 
site now becomes elongated; this stage 
is reached in from forty-eight to sixty 
days (Fig. 176, B). At this point tho para- 
site may disintegrate, setting free tho 
si>oronts, or may develop into a Miesclier’s 
tube. In the first case the sporonts 
wander out and establish themselves in 
other miisclo-hhres, where each sporont 
initiates a fresli dwelopmcnt, thus spread- 
ing the infectiot' in the tissues of tho host. 
In the second case a mombrano is secreted 
round tho body, which forms the striated 
env(?lo|3e prolonged inwards to form the 
cliandjcm. The striated envelopo of tho 
Mieschor’s tube has generally been com- 
pared to the striated ectoplasm of some 
Myxosporidia — c.7., Myxidinm lieber- 
kiihni ; but according to Fiobiger it is 
not ectoplasm, but altered muscular 
tissue. The nuclei of tho muscle-fibres 
are stimulated by the parasite to multi - 
plicatitm and migration. Tho body then 
consists of a ixiriphcral zone of sporonts, 
multiplying actively, and a central 
region in which spores are differentiated. 
In tho development of the spore, the 
sporont becomes sausage-shaped, and 
multiplies by division. Finally tho 
sausage -shaped bodies become spores, 
and are stated to bo at first binuclcate ; 
probably ono nucleus is that of the 
amcebula, the other that of the capsu- 
logonous cell, parietal cells being absent ; 
but these statements are at present hypo- 
thetical andrequire substantiation. Fully- 
formed spores are found in parasites 
eighty to ninety days after the infection 
of tho host. 

In old infections the parasites may have 
destroyed tho muscle-fibre completely, 
so that the Mieschor’s tube lies in the 
rent re nf tliA ^^^J^^^Gctivo tissue. In such forms the 

centre of the body may consist of granular d4bris, derived from the 
disintegration of spores which arc past their prime and have degenerated. 

So far as it is possible to draw conclusions in the present state 
of knowledge, tho Sarcosporidia would appear to be true Cnido- 
sporidia, with spores which contain each a single polar capsule, 



Fig. 176. — Four stages in the de- 
velopment of a “ Mio.scher’8 tube ” 
of Sarcoajstia muris in tho pectoral 
muscles of white rats infected ex- 
perimentally. A, Tarasite 2.'3 M in 
length, fifty days after infection ; 
the contents of tho body beginning 
to divide into separate ccJls ; if, 
parasite of the same age, 35 in 
length, division of tho contents 
further advanced ; G, parasite of 
the same age, 60 in length, con- 
taining separate cells ; at tho 
centre the division of a sporont 
into two sickle-shaped bodies is 
seen to bo taking place ; D, middle 
portion of a tube about 450 fi 
in length, seventy days after in- 
fection, showing two couples 
of sickle-shaped bodies formed 
by division of a sporont. After 
Negri, 
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and from which an amocbula is liberated, as in otlicr Neosporidia 
(A nine bo gen une). 

Order V. : Haplosporidia . — The distinctive features of this order 
an^ for tlie most part of negative eliaraoter, and, as the name im- 
• plies, the tendency is towards simplicity in structure and develop- 
ment. The spends are without tlie polar capsules which are so 
marked a peculiarity in tlie four previous orders, and have the 
form of simple cells, each with a single nucleus, and with or without 
a sporocyst, which, however, when present, is not formed by distinct 
parietal cells. 

In organisms of such simple structure, the absence of distinctive 
peculiarities renders the limits of the group indefinite, and the 
aflinities of its members vague and undecided, and it is possible 
that the order Haplosporidia, as generally understood, is a hetero- 
geneous assemblage, many members of ivhich present only develop- 
mental analogies to the true Neosporidia -tliat is to say, a simi- 
larity in the life-history which is an adaptation to a similar mode 
of life, and not a true indication of g(metic affinity. L6gcr and 
Huboscq (646) point out that the characters— “ pen limitatifs ” — 
of the Haplosporidia would suit Protista of the most diverse aflini- 
ties, and scarcely mark them off from yeasts or Chytridincjo. With 
tlio exception of the family Haplosporidiidce, they regard the group 
Haplosporidia as purely provisional, and comprising heterogeneous 
forms with undecided affinities. 

The life-cycle of a typical Haplosporidian parasite is very simple. 
The initial phase is an anuebula or planont, which multiplies by 
fission, division of the nucleus being followed by division of the 
body to form two planonts, which may continue to divide for many 
generations. From a planont arises ultimately a jilasmodial phase, 
the result of divisions of the nucleus without corresponding divisions 
of the body, which grows to a relatively large size. The plasmodium 
is the princii^al trophic; phase. It may multiply by plasmotomy or 
by schizogony, or may proceed to spore-formation, and tlien it 
divides into as many cells as there are nuclei. The cells formed in 
this way are cither sporoblasts, each of which becomes a single 
spore (Oligosporulea), or tliey represent sporonts (“ pansporo- 
blasts ”), which give rise each to a cluster of spores (Polysporulea). 
The spores are usually simple rounded bodies invested by a 
more or less distinct protective membrane, which in rare 
instances becomes a definite sporocyst prolonged even into tails 
or spikes. 

The Haplosporidia were divided by Caullery and Mesnil (802) 
into three families. In order to include forms more recently dis- 
covered, Ridewood and Fantham have extended the classification, 
and recognize two suborders : 
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Suborder I. : Oligosporulea.— T he plaBmodium divides at once into 
sporoblasts, each of which becomes a single spore. 

Family Haplosporidiidw.— Sjwres with a double envelope, the outer some- 
times prolonged into tails or processes. Clenora : Haplospondium, Vrospor- 
idiitm, and Anurosporidium ; all the known species are para.sitic in Annelids. 

Family Bertramiidm.—^povo.^ with a simple envelope, or with none. » 
Bertramia, with several species : B. capiiellce, parasite of the coelome of 
Capitella capitaia ; B. asperoaporn, a common parasite of the body-cavity 
of Kotifers. B. Jcirlcmanni, dcscril)cd by Warren from Rotifers in Natal, 
is stated to have several nuclei and a vacuole in the spore, and appears to 
belong to a distinct genus. 

In this family the genus Iclithyosporidmm is ranked provisionally, as the 
mode of spore-formation is unknown as yet. IcMhyosporidium is a common 
parasite of fishes, often lethal to an extreme degree. It occurs in the form 
of plasmodia, sometimes irregular, sometimes more or less spherical in form, 
scattered in various organs, but usually in the muscles or the connective 
tissue ; the plasmodium contains numerous vesicular nuclei with distinct 
karyosomes, and may be naked at the siirfaex?, or marked off from the sur- 
rounding tissues by a membrane -or envelope, often of considerable thick- 
ness. The plasmodia multiply actively by plasmotomy, and an intense 
infection is produced. Parasites with a single nucleus are also found, which 
may cither represent the planont stage, or may bo derived from the division 
of a plasmodium ; from them the plasmodial stage arises by multiplication 
of the nuclei. No other stage of the parasite is known, and the method of 
transmission remains to be discovered. 

Bertramia bufonis, described by King (Proe. Acad. Sci. Philad., 59, p. 273), 
is possibly a species of Jchlhyosporidium or allied to this genus. 

Family Coelosporidiidce, for the genera Ccelosporidium, Mesnil and Marchoux 
and Polycarynm, Stcmixsll ; All the sixjcies known are parasites of Crustacea 
(Phyllopoda and Cladocera). The plasmodium forms globules of fatty 
substance in the interior ; it becomes encysted as a whole, and breaks up into 
sporozoite-like bodies within the cyst. 

Caullerya mesnili, Chatton (803), parasite of the epithelium of the mid-gut 
of Daphnia spp., produces, by fragmentation of the plasmodium, spores 
with resistant envelopes containing each about thirty nuclei. Chatton 
considers it to be intermediate between the Haplosporidiidce and Codo- 
sporidiidee ; possibly it should be referred to the next suborder. 

Blastulidium pcedophthorum, Perez, referred to this family, is, according 
to Chatton (804), a Chytridinian. Ccelosporidium l)latdlve,y Crawley, is 
referred by L^ger {G.R.A.S.f cxlix., p. 239) to the genus Peltomyces (Myce- 
tozoa, p. 243). 

Suborder II. : Polysporui.ea. — The plasmodium divides into sporonts, 
each of which produces a cluster of spores. 

Two genera, each with a single species : Neurosperidium cephalodisci, from 
the nervous system of Cephalodiscus nigrescens (Ride wood and Fantham) ; 
and Bhinosporidium kinealyi, from the septum nasi of human beings in India 
(Minchin and Fantham ; Beattie) ; a case has also been observed in America 
(Wright). 

Bhinosporidium causes vascular pedunculated growths or tumours, 
resembling raspberries, in the septum nasi or floor of the nose. In 
sections of the growth, groat numbers of the parasite are found embedded 
in the connective tissue, while the mature cysts may be in the stratified 
epithelium (Wright). The youngest parasites are rounded cells with a 
single nucleus Rnd a distinct envelope (Beattie). By division of the 
nucleus the parasite becomes a multinucleate plasmodium, the so-called 
“ granular stage,” often of irregular form, but this may be due to the action 
of the preserving reagents. Older parasites are spherical, with the 
envelope thickened to form a thick transparent cyst, external to which 
a nucleated envelope is formed by cells of the connective tissue (Beattie). 
The contents of the cyst (Fig. 177, A) become divided up into numerous 



THE NEOSPORIDIA 


425 


uninucloato sporonts (“ pansporoblasts ”) towards tho centre or at one 
pole, while the peripheral zone or tho opposite polo remains in tho 
plasmoclial condition. The sporonts grow in size, and at the same time 
multiply by retx^ated fission to form a (‘luster of about sixteen spores, 
a “spore-morula” (Fig. 177, B), enclosed by a membrane. Between 
•tho sporc-morulm an indefinite framework is formed by tlu^ residual 
protoplasm in Avhieh the sporonts have developed (Beattie). Tfcnco tho 
full-grown parasite exhibits three zom^s, which may be concentric or polar 
in arrangement: a plasmodial region, i)eriph(^ral or polar; an inf(^rmediato 
zone of spore-formation; and a central or polar region containing rijx; 
spore-moruhe. Tho process of spore-formation continues until the whole 
cyst is full of spore-moriiIa\ The ripe cy.sts burst and scatter their 
contents in tho tissues. It is possible that spores set free in this way 
may germinate in the ti.ssues and give rise to fresh cysts ; but it is more 
probable that tho spores, if they 
e.Hcajx) the phagocytes, are dis- 
charged from th(5 surface of tho 
(jpithelium. Prom the analogy of 
other Ncosporidia, it is reasonaldo 
to suppo.s(^ that tho youngest uni- 
nucleate forms of tho parasite arc 
the multiplicative phases in th(» 
tissues, and that tho sporc-moruIa' 
repn^sent the propagative phase. 

Nothing is known, however, of tho 
mode of transmission of tlui para- 
site or of the manner in whicli the 
infection is acepnred. 

A parasite is diiscribed by 
Laveran and Pettit from Salmo 
iridem, which in tho opinion of 
the authors presents affinities 
with Rhinosporidium and Nemo- 
sporidium. It causes a disease 
in tho fish, termed in German 
“ Taumelkrankheit.” 

In addition to the more or loss 
typical genera of Haplosporidia 
mentioned in tho foregoing para- 
graphs, a number of other forms 
have been described, of which tho 
affinities and systematic position re- 
main for tho present uncertain. Such arc the “ Serumsporidia ” of Pfeiffer, and 
other forms, for a review of which tho reader must bo referred to tho comprehen- 
sive memoir of Caullery and Mesnil (802) or to the original descriptions. Tho 
remarkable form, Scheioiakovdla schmeili, however, presents peculiarities which 
deserve special mention. It is a parasite of the body-cavity of Cyclops spp., 
ancl was the subject of detailed study by Schewiakoff. In tho active con- 
dition it occurs as an amoeba with a single nucleus and a contractile vacuole, or 
as a plasmodiura formed by fusion of such amoebae. Encystment of either tho 
amoeba} or the plasmodia occurs, and within tho cyst a number of simple, 
uninucleate spores are formed, which, although possessing a distinct envelope, 
multiply further by fission, with mitosis of the nucleus. Gonnination of tho 
spores sets free small amoebula?. In many points this form is unique amongst 
tho Sporozoa, and should perhaps be classed rather with the parasitic 
amoebae. 

Incites Sedis.—ln conclusion a number of forms must be mentioned which 
have been referred to the Ncosporidia, but of which the position arid affiinities 
are quite doubtful. 



Fio. 177. — Ithinosporidium kinealyi. A, 
Segment of a section through a cyst : 
€., hyaline envelope ; p.z., peripheral 
zone of pansporoblasts ; i.z., inter- 
mediate zone 01 pansporoblasts contain- 
ing a few spores; c.z., central zone of 
ripcspore-morulft); B, ripe spore-morula ; 
7n., membrane ; sp., spores. After 
Minchin and Fantham. 
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Under the generic name MicroUossiai Krassiltschik has described 
certain cell- parasites of caterpillars, which appear to belong to the Neo- 
sporidia, tliough it is not possible to assign the genus to a deliiiite position, 
since the stru(;turo of the spores has not been made out, and the account 
given of the life cycle reejuires revision. According to Krassiltschik, the cycile 
begins with non-sexual schizogony ; the nucleus of the schizont divides into,, 
four or eight nuclei, and as many mcrozoites are produced within the body 
of the schizont. Schizogony is succeeded by formation of “ macronts ” and 
“ micronts ” which give rise to gametes ; the macront by a process of fission 
similar to the schizogony produces four to eight macrogarnetes, while the 
rnicront produces in a similar way two, four, or eight, raicrogametes. The 
nucleus of the raacrogarneto divides to form two reduction-nuclei. The 
microgara(!te attaches itself to one pole of the macrogamete, and its nucleus 
pas.ses over into the cytoplasm of the latter and fuses with the female pro- 
nucleus. In the zygote the synkaryon buds off daughter-nuclei, round 
which the cytoplasm of the zygote is condensed to form internal buds pro- 
toblasts.” The protoblasts are set free, and produce in their turn “ deuto- 
blasts,” which arc st^t free, become atmeba-likes multiply in the blood of the 
insect, and infect the tissues and organs of the host, especially the fat-body 
and the wall of the digestive tract. In the fat-body the dcuto blasts prodiusc 
a generation (^f “ tritoblasts ” which multiply actively and spread amongst 
the tissue. From the tritoblasts arise finally a generation of “ tcloblasts,” 
which tlivido (^ach into a rosette of small cells, the dtdinitive sporoblasts, 
round a central residual mass. Eacdi sporoblast produces a spore, a smooth, 
strongly refractile body, ellipsoidal or egg-shaped, in which no details of 
structure could bo made out. The spores apix^ar to be produced in the wall 
of the digestive tract, whence they are set free with the ficces. "irhe concluding 
phases suggest a Nos€'ma-iy\)Q., but the eairlier part of the life-cycle, if correctly 
described, appears to be a tyjx) mi generis. 

Under tho name Lym/phocystis johnsionei, Woodcock (824) described a 
parasite of plaice and flounders, which forms conspicuous cysts in the lymph- 
spaces of the skin and mesentery. Each cyst (Pig. 178) contains a single 
parasite, which may attain 1 '5 millimetres in diameter, and shows a remarkable 
structure. Tho body is enclosed by a thick, structureless membrane, and 
contains at tho centre a very large nucleus, irregular in shape, staining feebly, 
.and containing a number of karyosomes in a faintly-staining reticulum. 
8urrounding the nucleus is a chromidial network forming a ring or zone of 
considerable thickness, filling the gre.ater part of the cytoplasm between tho 
nucleus and the envelope. Tho outermost zone of tho chromidial net may 
contain a scries of small, clear “ spherules.” 

According to Awerinzew (815 and 816), the youngest stages of Lymphocystis 
are minute colls with a single nucleus which grow very rapidly, and as they 
do so tho chromatin p.asst^s out of the nucleus to form the chromidial ring. 
Tho spherules are m.asscs of plastin which separate from tho chromidial net. 
From the chromidia secondary nuclei are formed, round which a portion of 
the cytoplasm is cut off to form small cells, termed by Awerinzew “ secondary 
ammboids,” and compared by him to the spo rents of Olugea. Within tho 
secondary amoeboids spores are formed, of which, however, the structure 
has not been made out clearly. In toased-up preparations of Lymphocystis, 
Awerinzew found spores similar to those of Henneguya, and proposed to place 
the parasite in that genus. Ho has now become doubtful, however, whether 
the Henneguya-Bpoves belong to the Lymphocystis or to a distinct parasite, 
since he was unable to demonstrate a similar structure in the spores found 
in tho secondary amoeboids. Awerinzew is of opinion, nevertheless, that 
Lymphocystis should bo referred to the Cnidosporidia, but this form requires 
further investigation, 

Toxocystis homari, L6gor and Duboscq (646), is a parasite of tho posterior 
intestinal Ccccum of lobsters. In appearance it resembles a haemogregarino, 
motionless, with granular cytoplasm and a small karyosomatic nucleus at 
the middle of tho body ; there are also usually two, sometimes one, “ para- 
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nuclear bodies,” round masses larger than the nucleus, and staining very in- 
tensely with nuclear stains. The parasite occurs between the basal membrane 
and the epithelium, or in the epithelial cells, or occasienally free in th(> lumen 
of the emcurn. Multij)lieation appears to take plac(! by longitudinal fission. 
No other .stages known. 

• (hstrocyMis gllriifhi, Chatton (819), is a parasite of sheep and goats dis- 
covenul by (Tilrutli in Australia, but of common occurrence in Europe, The 
parasite appears as a cyst, visibk; to the naked eye, in the mucous membrane 
of the stomach. The cyst has an (uiV(‘lope formed by a singk'. cell with a 
largo nucleus ; the envelope is concentrically striated, and bc^ars externally a 
fur of short, stiff, bristlc-liko processes, recalling the covtTing of Myxidium 
lioherkuhni, Myxocystis, and Sarcosporidia. The younger cysts contain a 
plasmodium with a vast number 
of nuclei, some of them in groups 
of two, three, four, and so on up 
to a large number, which are tlum 
arranged in a single layer en- 
closing a blastula-like sphere or 
blastophore. The blastophore 
becomes separated off from the 
interstitial protoplasm of the 
plasmodium, and each nuckuis 
grows out from the surface in a 
tonguc-liko proce.ss to form a 
cluster of sporozoite-like bodies 
or germs in a manm^r very 
similar to the sporulation of a 
malarial parasite or of Porospora 
or Aggregata. The ripe cyst is 
full of an enormous number of 
these germs (Fig. 179), each of 
which is a fusiform body, about 
10 fi in length, witli one end 
pointed and terminating in a 
rostrum, the other blunter. 

Near the blunt end is a 
largo nucleus, and at about 
the middle of the body is a 
deeply-staining mass resembling 
a s(!paratc karyosomc or a kinetonucicu.s. The surface of the germ is 
clothed by a delicate pellicle. The germs are set free from the cyst by 
dehiscence. 

The affinities of Qastrocystis remain for the present quite uncertain. 
N(5gre reports the occurrence of a similar cyst in the duodenum of a mouse 
of which the fmces infected other mice with sarcosporidiosis (see p. 421), 
and suggests that Gastrorystia may be a stage in the development of 
Sarcosporidia, 

Pansporella perplexa, Chatton (818), is a ijarasite of the intestine of Daphnia 
8pp., occurring in the form of ammboid bodies, rt'aching 80 m in diameter, 
adherent, but not permanently attached, to the epithelium of the intestinal 
wall. The amoeboid movement may bo active, but does not serve for food- 
capture, since nutrition is effected by the osmotic method. The cytoplasm 
is divided into hyaline ectoplasm and granular endoplasm containing a single 
large nucleus in which the karyosorae has the form of one or two caps adherent 
to the nuclear membrane. The amoeboid phase does not multiply by fission, 
but becomes encysted, and then the nucleus divides repeatedly until a largo 
number of small nuclei are present. The body then becomes divided into a 
number of spores, each containing eight nuclei, of which six degenerate, 
so that the ripe spore is binucleate. Germination of the spore sets free a 
binucloato amcebula which divides, apparently, into two, each of which has 



Fig. 178. — Lymphocystis johnstonei : .section 
though one of the parasites lying in the 
mesentery. N., The large nucleus of the 
para.site ; chr., the ring of chromidia ; Z,^., 
lymph - space ; 1., layer of lymphocytes 
adherent to the parasite. After Woodcock 
(824), magnified 46 diameters. 
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a single nucleus and grows up into the adult amoeba-liko phase. Sexual phe- 
nomena have not been observed, though their occurrence is indicated by the 
development (h^seribed. (Ihatton considers that the parasite has resemblances 
to Am(i;l);ea, Myeetozoa, and Sporozoa. 

Chutridiopsisy Schneider.— Leger and Duboseq (823) (k'seribe several H[V'ei('s 
parasitic in the intestine of insects, and have followed out the development o^, 
0. socins. The youngest form is a minute amoebula which penetrates into 
an epithelial coll, and grows, with multiplication of its nuclei, to form a 
plasmodium or scliizont, which then divides up to form a mass of uninucloat(i 
“ schizozoites,” each one at first crcscont-shaped, then anifeboid. The 
schizozoites are sot free in the intestine, and penetrate other cells ; they cither 
grow into schizonts, which repeat the process of schizogony, or into gamoto- 
cytes. Certain schizozoites grow within the cells without multiplication 
of the nuclei till they attain a diameter of about 10 ju ; then the nucleus divides 
rapidly, and a number of microgametes are formed. Other schizozoites become 
macroganietes, which are about S in diameter and appear to bo fertilized 
each by a microgamete. The nucleus of the zygote divides into a great 
number of nuclei, three or four of which travel to the 
surface of the spherical body and form a cyst- 
envelope ; the remaining nuclei retain their central 
position, and the body of the zygote divides into uni- 
iiucleate spores. In this way resistant cysts are formed 
containing a large number of spores, each containing 
a single nucleus and a vacuole. The cysts are cast out 
of the body and infect new hosts. 

Leger and Duboscq consider that Chytndiopsis may 
bo allied to the Microsporidia ; but having found no 
fx)lar filament in the spore, they prefer to regard it as 
having affinities with Mycetozoa.* 

The genera Amoehidium and Siedleckia wore held 
formerly to constitute a distinct order of the Sporozoa, 
which was named the Exosjwridia. Amaibidium has 
been shown clearly by Chatton (817) to bo an organism 
of the nature of a fungus ; while Siedleckia is now generally referred to the 
schizogregarines, as suggested by Minchin (589); see Bogiel (606). Compare 
also Capillus inteatinalis^ Granata, parasite of the intestine of Millepedes. 

Afjlnities of the Neosporidia . — It is sufficiently apparent, from the 
structure and development of typical examples of any order of this 
subclass, that their affinities are wholly with the Sarcodina. In the 
case of many of the more primitive forms, it is an open question 
whether they should be classed in the Neosporidia or in one of the 
orders of the Sarcodina. Comparing them with the Telosporidia, 
it is seen that the two characteristics of that subclass which indi- 
cate affinities with the Flagellata are absent altogether in the 
Neosporidia — namely, the possession of flagellated swarm-spores or 
gametes, and the definite, gregarine-like body-form of the adults. 
No flagellated stages are known to occur at any period of the life- 
history in any member of the Neosporidia, and the body-form of 
the adult in this group is typically that of an amoeba. Many of the 
Myxosporidia might almost be regarded as parasitic amoebae with 
a peculiar type of reproduction. Even more remarkable is the 

* It is not clear on what grounds Sohopotieff (269, p. 616) considers Chytridiopsi^ 
to be a Flagellate. 



Fio, 179. — Sport\s of 
Qastrocystis gilru- 
thi. After Chatton 
(819). 
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regularity with which the sporozoite in the Neosporidia has the form 
of an amoebula, as contrasted with the equally-constaut gregariiiula- 
form of the Telosporidian sporozoite. The characters implied in 
the terms Amoebogenia) and Rhabdogenise appear to bo more 
diagnostic of the two groups than any other. There can bo little 
doubt, therefore, that the union of the Telosporidia and Neosporidia 
in one class — the Sporozoa — is a quite artificial arrangement, and 
that the two subclasses in question show distinct affinities, and are 
descended from distinct ancestral forms — the Telosporidia from 
Flagellata, the Neosporidia from Sarcodina. 

Bibliography . — For references see p. 449. 



CHAPTKR XVII 

THE INFUSORIA 

The term Infusoria liad originally a much wider application than 
at present, being used to denote the various microscopic animalcules 
which make their appearance in infusions exposed to the air. Hence 
the Infusoria included any Protozoa, and even organisms distinct 
from them, such as Rotifers. Just as the word “ insect ” has been 
restricted in its zoological application to a single class — the Insecta 
Hexapoda — so tlie term Infusoria has become narrowed down to 
denote the Infusoria Ciliata and Suetoria, which constitute, taken 
together, one of the most definite and sharply-marked classes of the 
Protozoa, characterized by two principal structural features : first, 
the possession of cilia during the whole or a part of their active life ; 
secondly, the dillerentiation of the nuclear apparatus into a vegeta- 
tive macronucleus and a generative micronueleus (p. 153). 

The Infusoria fall naturally into two subclasses : the Ciliata 
proper, in which the cilia are retained throughout life ; and the 
Acinetaria or Suetoria, in which cilia are present only during 
the early or larval phases of the life-history, and arc lost in the 
adult organism, which is of sedentary habit, and in which food- 
capture is effected by special organs — suctorial tentacles. 

Subclass I. — Ciliata. 

The Ciliata, the most abundant and familiar of microscopic forms 
of life, may be considered in a sense the highest of the Protozoa, 
since in no other class does the cell-body attain to so great a com- 
plication of parts and organs or to so high a degree of structural 
differentiation. Not even in the Metazoa are single cells to be 
found of such visibly complicated structure, since in the Metazoa 
the cell is specialized usually for one particular function of a living 
body, while in the Ciliata the single cell peiforms all the funetions 
of lif(5. Moreover, tlie differentiation of tlie nuclear apparatus into 
generative aAd vegetative portions may be considered analogous 
with, and parallel to, the differentiation of germen and soma in the 
Metazoa ; and Lewin (172) regards the micronueleus as living inde- 
430 
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peiideiitly during the asexual cycle, with the cell as its environment. 
In contrast to the extreme elaboration in the structure of the indi- 


vidual, the life-cycle as a whole is generally of 
a simple type, and the majority of the frcc- 
, living species are practically monomorphic ; 
but some of the parasitic forms show a 
succession of form-(!hangcs in their life-cycle. 

Habits, Mode of Life . — The majority of 
Ciliata are free-living aquatic foi-ms, marine 
or fresh-water, probably without exception 
holozoi(; in the mode of nutrition ; but a 
great numbeu* of parasitic forms are known. 
A eiliate, whatever its mode of life, may be 
free or sedentary, 'riie free forms may be 
of swimming or creeping habit, using their 
cilia in the one case to move freely through 
tlie water or to glide along firm surfaces, in 
the otlier to creep over solid objects or on 
the surface him of the water. The sedentary 
forms may be attached temporarily or more 
or less permanently to some object, which is 
oft(^n the iKxly of some larger aiiijnal. Para- 
sitic forms may be, as in other cases, epizoic. 
or entozoic ; but the word “ parasitic ” must 
be taken in a wide sense, since many Ciliata 
living in or upon other organisms are not 
parasitic in the strict sense of the word, 
though many truly parasitic forms occur. 

Body-Form . — Correlated with tin; diversity 
in the habit of life, the body-form and 
external structure show many variations. 
The primitive type of eiliate may be con- 
sidered to be an ovoid, gooseberry-shaped 
organism witli a principal axis parallel to the 
direction of movement, consequently with an 

Tio. 180, — Syirosiomum ambujuum, one of the largest 
free-living Ciliata, reaching a length of 3 inillimetixis, 
consequently a favourable object for physiological 
experiments. N, Macronucleus, greatly elongated, 
in shape like a string of beads or sausages (so-called 
“ moniliform ” type;) ; o, mouth at the hinder end of 
the elongated peristome ; c.v., contractile vacuole, 
supplied by a very long feeding-canal (/.c.) ; the 
micronucleus is not shown. After Stein. 



anterior and a posterior polo (Fig. 14, p. 32). Tlio mouth is tenninal 
at the anterior pole. Flic cilia clothe the whole body evenly, being 
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arranged in meridional rows running from the anterior to the 
posterior pole, and arc of equal length in all parts of the body. 
An idoally-simple type of this kind is very nearly realized in some 
of the primitive forms, but as a rule is modified in various ways. 

In the first place, the moutli does not remain anterior, but is 
shifted to the side of the body, as far as, or even farther than, half- 
way to the posterior pole (Fig. 181) ; consequently the rows of 
cilia become displaced from their primitively meridional arrange- 
ment, and tend to run obliquely round the body. Secondly, a 
differentiation is set up between the general coat of cilia clothing 
tlie body and locomotor in function, and special cilia near or around 
the mouth, whicli are usually much longer than the others, and 
modified in various ways in connection with the function of food- 
capture. Tlio moutli itself becomes surrounded by a special area 

termed the “peristome,” in 
wliich are found the special 
food-capturing cilia. 

In forms of creeping habit 
the form becomes still more 
modified. The body becomes 
flattened, and a ventral sur- 
face, turned towards the 
substratum and bearing the 
mouth and peristome, is 
distinguished from the oppo- 
site or dorsal surface. Even 
more marked are the adapta- 
tions of the coat of cilia to 
this mode of life (Fig. 182). 
The locomotor cilia become 
restricted to the ventral surface, and those on the dorsal side either 
tend to disappear altogether or persist with a purely tactile function. 
The cilia of the ventral surface tend to form tufts which fuse into 
cirri (p. 55), with which the animal creeps as if on legs. 

Sedentary forms may be attached temporarily by means of special 
cilia or adhesive organs, or more or less permanently by a portion 
of the body-surface on the side opposite to the mouth. In such 
forms (Fig. 183) the general coating of cilia may be retained, or 
may disappear entirely, only the peristomial cilia persisting ; but 
locomotor cilia may be developed temporarily, enabling the animal 
to become detached from one spot, and to swim away and attacli 
itself agaiioelsowhere. In sedentary forms the point of attachment 
may be drawn out into a stalk, which may be of great length rela- 
tively, and may be a secreted structure or a portion of the body 
drawn out. In the second case the stalk may contain highly-per- 
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Fig. 181. — Diagram illustrating the shifting 
of the mouth, and the consequent displace- 
ment of the rows of cilia, in Cilia ta, from a 
form in which the mouth is at the anterior 
pole and the rows of cilia run a meridional 
course {A), to a form in which the mouth is 
shifted to the side of the body ((?). After 
Delage and H^rouard. 
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fectod contractile mechanisms, enabling the animal to stretch out 
a long way from the base of attachment, or to retract itself close to 
it. Sedentary forms may also secrete round themselves a protec- 
tive sheath or tube. 

• Structure of the Body . — The mouth, or cytostome, is an aperture 
leading into a longer or shorter oesophagus, or cytopharynx, wliich 
ends blindly in tlio endoplasm. The indigestible remains of the 
food are cast out through a pore in the cuticle — a cell-anus, or 
cytopyye, wliich, tliougli a permanent structure, is usually only 
visible at the moment of defaecation ; but in some cases there is a 
distinct anal tube leading to an anal i)ore, visible at all times. In 
the Uymnostomata (sec p. 439, infra) the mouth can be closed or 
opened by a system of rods contained in the wall of the oesophagus 
(Fig. 184), which contains no vibratile apparatus ; but in all other 



A B C 

Fia. 182 . — A and B, Ewploks faldla : A, ventral view ; B, dorsal view ; G, Euplotes 
harpa. In all the figures : N, maoronuclous ; n, micronucleus ; c.v., oontraotile 
vacuole ; erh, cirri ; p.m., peristomial membranellae ; F. area containing food- 
vacuoles enclosed by the maoronucicus. After Stein, the micronuolous added 
from original preparations. 

Ciliata the mouth (if present) is permanently open, and the oeso- 
phagus has no rod-apparatus, but contains one or more undulating 
membranes. In the orders Hcterotricha, Hypotricha, and Peritricha 
(see pp. 439, 440, infra), the peristome contains a spiral zone of 
cilia modified in various ways, leading to the mouth, and continuous 
with the undulating membrane in the oesophagus. In the two first 
of these orders the cilia in the adoral zone are generally fused in 
transverse rows to form membranellae. In the Peritricha the adoral 
zone is composed of two parallel undulating membranes, and in 
this order the mouth, together with the anus and the contractile 
vacuoles, are sunk into a funnel-shaped or tubular depression called 
the“ve8tibule”(Fig. 183, F.). The two undulating membra^ies, after 
describing a spiral which varies from one and a quarter to five com- 
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Fio. 183. — CampancUa umbellaria. p.g., Peristomial groove in which runs the 
adoral spiral zone of cilia, which in this species takes 4| turns ; p.r., peri- 
storaial ridges between the peristomial grooves ; a.sp., the two undulating 
membranes, each made up of three rows of cilia fused, which compose the 
adoral spiral, seen in optical section ; the two undulating membranes pass 
down into the vestibule (F.), and run down inside it spirally as far as its 
termination at m., which represents the true mouth, leading into the short 
cytopharynx or oesophagus (««.) ; n, micronucleus ; N, macronucleus ; 
c.pl., cortical ectoplasm, thick at the base of the body, thin at the sides ; 
st.c., dollar ” of the stalk ; st, stalk ; gr., granules in the endoplasm which 
stain red wth neutral red in the living condition i f.v., food- vacuoles ; c.v.. 
contractile vacuole opening by two canals into the vestibule. After 
Schroder (864), 
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plete turns, pass down into the vestibule, at the bottom of which 
is the mouth, leading into a short oesophagus {Pig. 183, m, ces.). The 
vestibule, into which the faeces and the excretions of the contractile 
vacuoles are evacuated, forms a sort of cloaca, combining, as it 
^ were, the functions of a stomodanim and a proctodieum. 

The body of a ciliate Infusorian is composed of ectoplasm and 
endoplasm, tln^ first of these two regions being highly differentiated 
and complex in structure. The surface of the entire body is clothed 
by a pellicle (Fig. 185, p.) —the most superficial differentiation of the 
ectoplasm — usually in the form of a thin, delicate membrane, which 
is sometimes, howevi'r, gn^atly thickened to form a cuirass or 
lorica. In addition to the mouth and anal pore already men- 
tioned, the pellicle is perforated 
by the openings of the contractile 
vacuoles, one or more in number. 

The cilia also pass through the 
pellicle. 

Biuieath the pellicle the ecto- 
plasm, in its full development, 
may be differentiated into four 
layers, which, however, are not all 
of them invariably present. TIk^ 
most external layer of the ecto- 
plasm is the so-called alveolar layer 
(Fig. 185, al), consisting of the 
outermost stratum of the alveoli 
of the protoplasmic framework, 
which take a regular arrangement, 
the walls between contiguous 
alveoli being disposed vertically 
to the pellicle, thus giving the 
appearance of a radially-striated 
layer. Within the alveolar layer 
is found commonly a protoplasmic zone containing small, spindle- 
shaped bodies— the so-called trichocysis (Fig. 185, <m.)— from which a 
long, stiff thread is discharged upon suitable stimulation. Within the 
trichocyst-laycr comes a contractile layer, containing myonemes 
which run primitively beneath, or parallel to, the rows of cilia at 
the surface. The cilia themselves take origin from basal granules 
placed externally to, or between, the myonemes, and pass to the 
exterior between the alveoli of the alveolar layer. The most 
internal stratum of the ectoplasm is a spongy protoplasmic zone 
traversed by irregular spaces and channels containing fluid, and 
representing an excretory layer. The liquid from this region drains 
into the contractile vacuole or vacuoles. The smallef channels 









Fio. 184 . — ChUodon cucvllvlus, o. 
Mouth ; fh., pharynx surrounded 
by a supporting apparatus of rods ; 
N, macronucleus ; c.v., c.v., con- 
tractile vacuoles ; an., anus, tem- 
porarily visible during the extrusion 
of faecal matter {ex.). After Stein. 




Fia. 185 . — Paramecium caudatum: semi-diagrammatic figure to show the structure. 
P., pcristomial groove ; o, mouth ; oes., oesophagus, containing an undulating 
membrane (v.m.) i f.v/, food- vacuole forming at the base of the oesophagus ; 
f.v., f.v., other food-vacuoles circulating in the endoplasm ; c.v., c.v., the two 
contractile vacuoles, showing a different condition in each, the upper one full 
and ready to empty itself, the lower one beginning to fill after a contraction ; 
ex., excretory crystals in the endoplasm ; iv, maoronucleus ; n, micronucleus ; 
tm., trichocysts; al., alveolar layer; p., pellicle. After Lang (10), slightly 
modified. 
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unite usually into more or less conspicuous main ducts — so-called 
“ feeding-canals ” — which empty themselves into a contractile 
vacuole. 

The arrangement of the contractile vacuoles and canals varies 
• considerably in different species. Thus, in Stentor (Fig. 8) there is 
a single contractile vacuole, with a feeding-canal running the length 
of the body ; so also in Spirostomum (Fig. 180, /.c.). In Paramecium 
(Fig. 185) tlicre are two contractile vacuoles near each end of the 
body. The vacuole contracts suddenly, diminishing to a tiny 
globule, and tlien some six or eight feeding-canals make their 
appearance, arranged round tlie vacuole ii\ a star-like figure, but 
at first distinct from the central vacuole. The inner ends of tlie 
feeding-canals gradually swell, and, after rcacliing a certain size, 
burst through and empty themselves into the central vacuole, which 
grows slowly to its full size, and as it does so the feeding-canals 
disappear by degrees from view. When the vacuole has reached 
its full size, it empties itself to the exterior, and tlie process begins 
again. The coutractiJe vacuole itself may be considered as a cen- 
tralized portion of the canal-system, and though when full it 
bulges into the endoplasm, it belongs strictly to the ectoplasm. 

The (indoplasni is tlie scat of nutrition, and also, as containing 
the niKslear apparatus, of reproductive processes. It is of fluid 
consistence, and exhibits streaming movements, termed “ cyclosis ” 
— that is to say, currcuits of protoplasm whu^h flow round constantly 
in one direction, as if the endoplasm was being stirred round and 
round. The endoplasm contains enclosures of various kinds, chief 
amongst which are the food- vacuoles, containing ingested food- 
particles in process of digestion. The food- vacuoles are formed at 
the base of the oesophagus, down which food-particles are wafted 
by the action of the adoral cilia and membranes. When full-sized, 
the food- vacuole becomes detached from the end of the oesophagus, 
like a soap-bubble from a pipe, and passes round the body in the 
currents of the endoplasm, the indigestible faecal residue being 
expelled finally from the anal pore (p. 433, supra). In addition to 
food- vacuoles, the endoplasm contains various metaplastic grains, 
excretory granules, “ spheroplasts ” (see p. 448), and sometimes 
symbiotic algae. 

The nuclei are typically two in number — a largo, conspicuous 
macronucleus, staining deeply ; and a micronucleus of much smaller 
size, often very inconspicuous, and difficult to stain. In primitive 
forms the macronucleus is a compact body, and the micronucleus 
appears as a small refringent globule close beside it, often lodged 
in a depression of the surface of the macronucleus (Fig. 185, N , n). 
But the nuclei show very great variation in form, number, and 
appearance. The macronucleus may be drawn out iiito the shape 
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of a sausage or of a horseshoe, as in VorticelJids (Fig. 183, N), or 
exhibit the form of a string of beads, as in Stentor (Fig. 8) and 
Spirostomum (Eig. 180) ; or there may be tvv^o macronuclei con- 
nected by a delicate filament, with a micronucleus beside each, as 
in Stylonychia ; or, finally, the macronucleus may be broken up 
to form a diffuse network or a great number of small nuclei. The 
micronucleus may be single or multiple, but does not vary in form 
to any marked extent. 

Life-History.—Tioprodnction takes the form of binary fission, 
usually in the free state ; but some species become encysted prior to 
division, and then divide into two, four, eight, or a large number 
of small individuals within the cyst. Binary fission in the free 
state is, with few exceptions, transverse to the long axis of the 
body ; but in the fixed, sedentary forms the fission is usually in the 
vertical plane, or slightly oblique to it, and often takes the form of 
very unequal fission or budding. In some of the cntozoic speeies 
of Astomata (p. 439), repeated transverse division of the body 
without complete separation of the daughter-individuals from one 
another leads to the formation of chains of individuals, of which 
the most anterior may be larger than the others. 

As in other Protozoa, colonics may be formed in Ciliata as the 
result of imperfect separation of sister-individuals produced by 
fission. This is especially common in the sedentary Ikuitricha, 
leading usually to the formation of arborescent growths ; but some- 
times the colony takes other forms, as, for (example, in Ophrydiam, 
where it consists of a great number of individuals embedded in a 
common mass of jelly which floats freely. 

Eneystment is related in various ways to the life-conditions of 
the Ciliata. Most frequently it appears to take place as a protec- 
tion against desiccation in free-living forms, or as an adaptation 
to a change of hosts in parasitic forms. But in some cases it is 
related to the digestion of food, in others to reproductive processes. 
In some speeies it is stated to take place if the supply of food fails, 
and it can be induced artificially in various ways. 

The process of syngamy has been described above (p. 152, Fig. 77). 
Summarized, it consists essentially of the following processes ; some 
exceptions are described below : 

1. Degeneration and ultimate absorption of the macro nucleus of 
each conjugant. 

2. Reducing divisions of the micronucleus to form four micro- 
nuclei, three of which are absorbed. 

3. Division of the single remaining mieronucleus into two pro- 
nuclei, one stationary, the other migratory. 

4. Passage of the migratory pronucleus of each conjugant across 
into the b5dy of the other conjugant, where it fuses with the 
stationary pronucleus. 
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6. Separation of the conjugants'; division of the synkaryon to 
form a new micronucleus and macronucleus. 

Classification.— ^\\Qi Ciliata are divisible into two sections, which 
comprise in all four orders : 

Section A . — A spirigera. 

Without a spiral zono of adoral cilia or mcmbraiiclloe. 

Order I. ; Holotricha. — Cilia of approximately even length all over 
the body, forming a continuous, ovenly-distributed coat in more primitive 
forms, arranged in bands or restricted to special regions in more 8j[X3cialized 
forms. 

Suborder 1 : to.— Mouthlcss forma of parasitic habit. Opdina^ 

Anoplophrya, Discophrya, etc. (see p. 451). 

Suborder 2 : Gymnosio 7 nat^i.—M.out\\ a simple pore, near or at the anterior 
polo of the body, leading into a simple, usually straight (esophagus without 
cilia or undulating membranes, often with a rod-apparatus by which the mouth 
is closed and ojx'.ncd for food-ingestion. 

Classified in various ways ; tliroo families riicognized by Dollein (7) : 
(1) Enchelidce^ including Ilolophrya, Prorodon (Fig. 14), Coleps, Didinium, 
etc. ; Biietschlia, parasitic in the rumen of ruminants. To the family Knche- 
lidoi must bo referred, apparently, the remarkable form described by Meunier 
under the name Gymnozoum vivipurum, which is stated to have the following 
characteristics : The surface of the body bears no cilia, which apjiear to bo 
wanting altogether in this form ; the mouth-opening is at one extremity of 
tho ovoid body, and contains an oxtrusiblo proboscis, used for the capture 
of prey (seo p. 442) ; tho micronucleus is contained within the macronuclous ; 
reproduction is by transverse fission, and also by internal budding, producing 
embryos which may produce in their turn other embryos in a similar manner 
before being liberated from the parent body, from which they are sot free by 
dehiscence. (2) Trachelidce, including Trachelius, Vraekclocerca, Aynphileptus, 
Lionotm, Loxodes, Dileplm, etc. (3) CfdamydodontidWf including Chilodon 
(Fig. 184), Nassula, etc. {i) , Fadtingeriukv (Chatton, 831’5): Failingeria, 
Perikaryon. 

Suborder 3 : Hymenoslomaia.—FloxAXi usually at tho side of tho body and at 
tho bottom of a peristoinial depression, loading into a short (esophagus never 
supported by a rod-apparatus, but containing an undulating membrano ; 
consequently not capable of being closed, but |M',rmanently open. 

Families: (1) Chiliferidee : Leucophrys, Glaucoma, Frontonia, Colpoda, 
etc. (2) Paramecidm : Paramecium (Fig. 185), etc. (3) Pleuronemidm : 
Pleuronema (Fig. 27), etc. (4) Isotrichidve : Isotricha, parasitic in tho rumon 
of ruminants ; and other families. (5) Microthoracidee : Microthorax, Con- 
chophrys (Chakon, 831 '5). 


Section B. — Spirigera, 

With a conspicuous spiral zono of larger cilia or vibratilo membranes loading 
to the mouth ; oesophagus as in Hymem^stomata. 

Order II. : Heterotricha. — C encrally of swimming habit, sometimes 
sedentary. 

Suborder 1 : Polytricha. — Body covered with an oven coat of cilia. 

Principal families: (1) Plagiotomidie ; example: Spirostomum (Pig. 180). 
(2) Bursaridee; examples: Bursar ia ; Nyciotherus (Fig. 9), with species 
entozoic in various animals; Balantidium, also ontozoic. (3) Stentoridee; 
example : Stentor (Fig. 8). (4) Tintinnidce (compare Entz, 53) ; examples : 
Tintinnus, otc. 

Suborder 2 : Oligotricha. — Body-cilia greatly reduced or absent. 

Families: (1) Halteridce; example : Halteria. (2) Ophryoscolecidm, with 
numerous genera parasitic in tho stomachs of ruminants ; examples : Ento- 
diniumt Ophryoscolext Cydoposthium, 
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Order III. ; HYrOTRicirA.— Ciliata typically of creeping habit ; the body 
flattened, witli dorsal and ventral surfaces, the ciliation highly modified 
and specialized, usually with cirri on the ventral surface. 

Principal families: (1) Peritromidcp, with cilia on the ventral surface; 
example : Perilromus. (2) OxyirichidcB, with cirri ; examples : Oxytricha, Vro- 
styla, Stylonychia. (3) kii'plotidcp ; example ; Euplotes (Fig. 182). 

Order IV. : Peritricha. — Typically of sedentary habit, the locomotor " 
cilia reduced to a single ring or absent temporarily or ptirmanently ; the 
adoral spiral runs down into a deep depression, the vestibule, into whieh 
open the anus and contractile vacuoles, and at the base of which is the mouth, 
leading into the cesophagus. 

Huhorder 1 : ScaiotricJia . — The adoral zone describes a left-handed spiral. 

Two families: (1) Spirochonidai : Spirochma, ectozoic on the gill-plates 
of Gammarus pulex, has a non-contractilo body which bears at the upper 
extremity a spirally-folded membranous funnel, on the inner side of which 
is a zone of cilia. Allied genera arc Kenirochona and Kentrochonopm, both 
ectozoic on the gill-plates of Nchalia. (2) Licnophoridcc ; example : Licnophora, 
(ictozoic on various marine animals (one species cntozoic in the respiratory 
trees of Ilolothiiriaiis) ; attaeliment by a sucker-like disc. 

Euhorder 2 : Z)e3^?'o^rfc/m.— The adoral zone describes a right-handed spiral. 

Family : VorticeUidw, with three subfamilies : {a) UrceolarincE, unstalked, 
attached temporarily by a sucker or disc, surrounded by a persistent zone 
of locomotor cilia; examples: Trkhodina, Cyclochada. (h) Lagenophryinm ; 
example : Lagenophrys. (c) Vorlkellhuv, with numerous genera : Vortkella, 
Carchesium, Zooihamnium, etc., with contractile stalks ; Episiylis, Opercu- 
Inria, Campanella (Fig. 183), Ophrydinrrif etc., with non-contractile stalks ; 
Cothurnia, Vaginkola, with sheaths ; Scyphidia, free-swimming. 


The cntozoic Ciliata exhibit two diflerent methods of nutrition : first, the 
liolozoic nu'thod, in which the animals ingest solid food-particles, like the 
frcc-livijig species, and possess in consequence a distinct mouth and contain 
f<md-vacuolcs in their interior; sticondly, the osmotic method, seen in the 
astomatous forms, which absorb fluid nutriment by diflusion from their host, 
and in which a mouth is rudimentary or absent and food-vacuoles are not 
found. The Ciliata of the astomatous tyjw represent the truly parasitic 
forms, a familiar example of which is the genus OjKiIina, with species parasitic 
111 the common frog and other vertebrates. Common cntozoic genera of the 
holozoic tyjx) are Balantidium and Nyctotherus, found in the digestive tracts 
of various animals ; such forms are jx^rhaps for tlie most part scavengers ; 
according to Comes {A.P,K., xv., p. 54), Balantidium nourishes itself exclu- 
sively on red blood-corpuscles, which are set free in the intestine from wounds 
caused by other parasites, es^cially Treinatodes. Species which inhabit 
tJic human intestine are Balantidium coli, B, minutum, and Nyctotherus Jaha. 
11 , hand, ciliates may crop up in cultures of human fscces, which, 

Ike the animlxc and flagellates found there, are not to bo regarded as in- 
habitants of the human intestine, but as free-living forms wliich have passed 
through the digestive tract in an encysted condition without being destroyed, 
and germmato when set free from the gut. An example is ChUodon dentatue 
{unctnatus), described by Guiart from human fieccs ; possibly also the ciliates 
described by Martini (850) in a case of dysentery.' 

The free-living Ciliata exhibit, as a rule, great uniformity of character 
m the active state, occurring constantly in one specific form which only 
varies slightly m size under natural conditions; they arc, in fact, as nearly 
as possible monomorphic. Some of the parasitic forms exhibit, how- 
ever, a well-marked recurring cycle of forms in relation to the special 
necessities of their mode of life, as is described below (p. 450). In some 
ree-living forms also different forms occur in the same siiecies. The small 
free-swimmmg conjugants (gametes, so called) of the sedentary Vorticellids 
have been noted above (p. 172). In Leucophrys patula, a free-swimming 
species, largo and small individuals occur; but, according to Prowazek (861), 
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this dimorphism has no relation to sex, but only to differences in the sur- 
rounding medium ; he sMes that by the addition of quinine (1 : 80,000) to a 
culture of the small forms ho was able to bring about the appearance of the 
large forms. 

The body of a ciliato is often prolonged into processes, spikes, etc., giving 
^ the animal a curious appearance. The most bizarre forms are found amongst 
the species entozoic in the digestive tracts of nmiinants, such as Ojjhryoscolcx, 
J*Jnfodinhmi, etc. ; but some free-living species also exhibit peculiarities of 
external form. Actinoholns radians (llolotricha) has the body covered with 
tentacle-like processes, eacli bearing a trichocyst at the extremity. Lcyendrea 
loyezm (Faure-Fremi(;t), allied to Prorodon, bears on the left side of the body 
about twenty digitiform processt^s of variable length, flexible but not motile ; 
each process is composed of clear protoplasm envelo|X'd by the pellick?, and 
at its slightly dilatcnl extremity is lodged a bundle of trichocysts. Ilastalella 
radians is a free-swimming Vorticellid which bears two cinslcts of jx)inted 

fulcra,” or spines, one circlet on the external border of the ix^ristome, the 
other about the middle of the body (Follin). 

The pellicle may be; greatly thickened to form a lorica, as in Coleps, where it 
is com}X)sed ()f a series of plates ; or may be decorated wit h warts or sculpturings 
of various kinds, formed as local thickenings, as in some species oiVortkella, etc. 

The body is often (‘nvelo{)ed in a i)rot(^ctivo sheath or envelope sc^creted 
by the aniinal, especially in stxhmtary forms. The animal may then be capable 
of protruding its body from the sheath, and retracting itself back again into 
it, and when retracted the aix^rture of the sheath may bc^ closed by a special 
lid, or ojxu’culum. In the TinUnntda', some sjx>cies of which are free -swimming, 
others sedentary, the body secretes a shell or house, to which foreign bodies 
may be added, d(!rived for the most part from the fa'cal pelhds of the animal 
itself ; the structure of tlu^w; shells has been studied in (h'tail by Kntz 

The sedentary habit of life occurs in sp(H;i('s of all ord(ws, though csfX'cially 
characteristic of Peritricha. The mechanism of fixation varies gn'atly in 
dilTcixmt cases. Slenlor attach<!8 itself by cilia, and also by ))seudop(xlial 
processcis thrown out from the |X)int of fixation, ami from this ty^xs is to bo 
dcriv(;d that of the TiniinnUhr (Faur<! 5 -Fremiet, 830). 

The hypotric^hous genus Aricystroimlium {(h'ylrichida) swims fn^^ly or 
attaches itself by its postcu’ior cirri ; the body is them drawn out at the hinder 
end into a long stalk (Faurc-Fremict, 837). Trachelius omim posscissos a 
conspicuous, sucker-like organ by means of which it attaches itself to the 
stalks of colonics, in order to devour the members of the colony 

(Hamburger, 841). 

In the Pcritricha the attachment may be jx^rmanent or temporary ; in the 
latter case the animal fixes itself by a sucker-like organ of the aboral pole. 
In Trichodina the adhesive organ is surrounded by a ring of cilia ; in Cydo- 
cheda there is an additional circlet of stiff bristles ; in Licnophora the disc of 
attachment is in the form of a cup surrounded by four con(x>ntric ciliary 
membranes (Stevens, 872) ; these tluee genera, and others with similar modes 
of attachment, are ectozoic forms, attaching themselves to the skin of various 
aquatic animals. Faurc-Fremict (834) lias traced the evolution of the per- 
manently fixed Vorticellid type from temporary fixation by an aboral sucker. 
As a starting-point is taken Ilemispeira asiericp, which attaches itself to the 
gills of Asterias by a bundle of fixative cilia. In Scyphidia fixation is by a cup- 
hke sucker containing a circular brush of rod-like processes, equivalent, 
apparently, to the fixative cilia of Hemispeira. For this brush-like organ 
the term “scopula” is proposed; the cilia in it have lost their motility and 
secrete a terminal chitinous knob. Epistylis fixes itself in a similar way by 
means of a scopula, of which each rod forms a secretion of albuminoid nature 
(Schroder, 865), which grows continually, forming a bundle of delicate tubes 
composing the stem, and ensheathed by an ouk^r covering secreted by a 
rim round the scopula ; the stem that results is a non-contractile structure 
rep^jv'T'^mg a secretion of the body, and not a prolongation ef the body 
itself. The contractile stalk of VorticdlUf Carchesium, etc., arises by an out- 
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growth of the central part of the scopula on a prolongation of the body- 
substance, leaving a peripheral ring of scopular rods surrounding a central 
protoplasmic cord, which furnishes the contractile muscular stalk. 

The mouth and cytopharyiix, whether capable of being closed, as in the 
Gymnostornata, or jiermanently open, as in other forms, constitute together 
a conspicuous organ in the holozoic Ciliata, sometimes showing remarakblo 
adaptations to special modes of feeding. In the gymnostomatous genus ’ 
Didinhm the cytopharyiix contains a pi^culiar tongue-like organ, a prolonga- 
tion of the endoplasm, which shows a longitudinal striation duo to the presence 
of lino rods — “ trichites.” The tongue of Didinium is used for capturing prey, 
consisting chii^Hy of Paramecium and other Ciliata, and the manner in which 
it is used recalls the tongue of a chameleon. If the Didinium comes into 
contact with its pn^y, the tongue is shot out by a violent contraction of tho 
pharynx, and adheres to the victim, which, according to Thon, is killed in- 
stantly ; but according to Mast larger Ciliata sometimes escape, and in doing 
so may break of! and carry away tho tongue of the Didinium. A Pammeckm 
when thus attacked emits a cloud of trichocysts, but none are discharged by 
tlie Didinium. The prey wlum mastcTod is drawn into the endoplasm by the 
retraction of tho tongue. The recently-describeil genera Proboscidium and 
Oymnozoum (Meunier) possess similar organs. The hynienostomatous genus 
Pleuronema and allied forms are remarkable for tho huge size of tlie un- 
dulating membrane (Cig. 27). Tho animal, after swimming freely for a time, 
comes to rest, with its body-cilia sticking out stiff and straight ; tho undulating 
membrane is then protruded from the mouth, and by its active movements 
serves to waft food- particles into tho pharynx. 

Tho ix^ristomc, or region round the mouth, exhibits a wide range of special 
adaptations in relation to the function of food-capture, as is apparent from 
the classification given above;. Abstmt or scarcely develoixid, as a rule, in 
the Gynmostomata, in tho Hymenostomata it has the form, usually, of a 
siniple groove leading to tho mouth (Fig. 185, P.) ; in the Spirigera, on the other 
haiul, it is generally disc-like, bearing the adoral zone which terminates in 
the mouth ; the extreme tyix; of complication is seen in the l^;ritricha, wh(*re 
the peristomial disc can be contracted compUdoly over the mouth by imans 
t)f circular myonemes situated in the margin of the disc like a sphincter 
(see lx‘low), while a central funnel-shaixul portion is prolonged inwards, with 
the mouth at its extremity to form tho vestibule, in a manner analogous to 
the stomodieum of the Metazoa. Tho adoral ciliary spiral may consist simply 
of longer cilia, more powerful than those of tho general body-covering, tlie 
most primitive condition ; or of transversely- planted, comb-like mom- 
brancllte or “ pectincUa;,” the usual arrangement in Heterotricha and Hypo- 
tricha ; or of a pair of undulating membranes running parallel to one another 
in tho spiral, as in Peritricha. These various structures, seen in optical section 
in tho living state, have often produced erroneous impressions of bristles, 
cirri, etc. The adoral spiral varies greatly in extent, and tho peristomial 
region shows numerous modifications which cannot bo described or sum- 
marized briefly ; the reader must be referred to the beautiful descriptions of 
Schroder (864-867), amongst recent witers. In tho remarkable poritrichous 
form Opercularia {Cochlearia) faurei, tho adoral spiral takes five complete 
turns, running like a screw round a sort of retractile proboscis (Collin, 832). 

The ciliary apparatus and its modifications (Fig. 186) have been tho subject 
of much minute and detailed study; among recent investigators must bo 
mentioned especially Maier (73) and Schuborg (44). Tho body-cilia run in 
rows with a meridional, spiral, or other arrangement ; they arise in depressions 
of the %ody-surface which have usually the form of furrows, but in some 
cases {Paramecium, Frontonia) each cilium arises from the centre of a small 
depressed area of the surface. In Paramecium the areas are for tho most 
part hexagonal in form, but in places they are rhombic {cf. Khainsky, 170'5). 
The points of the trichocysts are situated in the angles of the polygons, and 
also in tho broader edges between the areas in each row. 

Each oilium takes origin from a basal granule situated at the level of tho 
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myonemes, or just external to this level, below the alveolar layer (Fig. 186, 
B, D ) ; the cilium passes outwards in the edges of the alveoli — that is to say, 
along the lines in w;hich the walls of contiguous alveoli touch at their comers — 
and pierces the pellicle to pass to the exterior. In Anoplophrya, Collin (50) 
describes root-like fibrils which pass inwards through the endoplasm, and 
arc inserted on the membrane of the macronucleus. Khainsky (170*5) also 
describes fibrils passing inwards from the basal granules of the cilia of Fara- 
mecium. In the remarkable form Pycnothrix monocydoide^, which possesses 
an ectoplasm of great thickness and distinctness, there are, according to 
Schubotz (868), two layers of basal granules, one more superficial, the other 
deejx^r. Each granule of the oukT layer gives off a cilium on its outer side, 
and on its inner side a fibril connecting it to a granule of the deeix^r layer, 
from which, again, a fibril passes inwards and Ix^comes directly continuous 
with a myoncinc. 

The free cilium shows, according to Schubt*rg (44), a distal “ end-jueco,’* 
which stains more lightly and is of finer calibre, and a basal, thicker, and 
darkly-staining portion (Fig. 18(5, .4) ; the basal ix>rtion is of even thickness, 
and is alx)ut double the length of the distal (Uid-piece, which tapers to a hue 
point. Motihi cilia are not stiff, but change their form by bending in a heli- 
coid spiral, or in a portion of such a spiral, like the flagella of the Flagellata 
and of S|)ermatozoa. Cast-off cilia often coil up at their proximal end into a 
fine loop. 

A cilium is compos<.Ml of two different parts — an elastic axial filament of 
firm consistence covered by a sheath of more fluid contractile substance. 
According to Khainsky (170*5), the sheath of the cilium is in continuity with 
the substaiKie of the pellicle. The end-piece represc^nts the axis exposed and 
continued beyond the sheath. Tho axis is comi){i.red by Schuberg to that of 
the axopodia (p. 48), and is the form-determining element for tho fluid 
sheath, ('ilia txrform active movements oven when separated from their 
ba»il granules, which are not to be regarded, in Schulx'rg's opinion, as kinetic 
centres ; the movements caused by the fluid envelope are probably due to 
alterations in surface-tension (p. 2()0, supra). 

The basal granuk's of tin; cilia are not Regarded by Maier or Schuljcrg as 
centrosoinic in nature. Mah^r considers that they probably arise as cytoplasmic 
bodies at tho surface of the cell, and are to 1x5 interpreted as s^x'dal thicken- 
ings at the roots of the cilia ; Khainsky (170*5) takes a similar view. In this 
connection, however, attention should be drawn to the observations of 
Entz (53), who finds that in the division of Tintinnidm tho new peristome 
arises in the interior of the cytoplasmic body as a split or cavity, and that 
the basal granules appear first, tho pcctinellae later ; tho basal granules are 
stated to be formed in connection with tho nuclear apparatus, and their 
substance to bo formed either from the macronucleus or micronuclous. The 
connection between tho basal granules and the macronuclcus described by 
Collin (50) would seem also to indicate a nuclear origin for them. The 
question of their centrosoinic nature must remain, therefore, open for tho 
present. According to Schuberg, the basal granules of each row of cilia are 
connected with one another by a fine longitudinal fibril. 

The typical motile cilia described above become modified in various 
ways, chiefly by fusion of separate cilia to form more compl(5x structures. 
The stiff, tactile bristles have preciH(5ly the same structure and mode of 
insertion as the ordinary cilia (Fig. 186, //, lx.), and in this case tho change 
is purely one of function or substance rather than of ^icrceptiblo cytological 
structure. The undulating membranes found in the pliarynx of the Hymeno- 
stomata are formed by fusion or adhesion of a single row of cilia, of which 
tho basal granules are ranged in a series to form a “ basal rim ” (Basalsaum) 
from which the membrane takes origin (Fig. 186, E, u.m.). According to 
Schuberg, tho fibrils of which tho membranes, mombranolla*, etc., are made 
up correspond, not to a whole cilium, but to its axial ixjrtion alone. Some- 
times, however, more than one row of cilia contribute to tho fcrmation of 
an undulating membrane; tho two membranes which compose tho adoral 
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Fig. 186. — Details of the structure of the ciliary and contractile apparatus of 
Ciliata, A. Two isolated cilia of Stentor cceriUens, showing the deeply-stained 
proximal portion, of even thickness throughout, and the lighter distal por^on, 
tapering to a point ; magnified 2,260 diameters ; B, section through the surface 
of the body of Prorodon teres, showing the cilia arising from basal granule's 
{h.g.), situated above canals {cm.), at the base of which run the myonemes (w. ), 
seen in transverse section ; 0, section through the mouth of Prorodon teres 
(Fig. 14), showing the rod-apparatus (R.), each rod with two myonemes 
(^^sr., w.r.i) ; N., nucleus ; D, section of the body-surface of Paramecium 
caudatum, showing the cilia arising from basal grains: T., trich^ysts ; f.v., 
food-vacuole ; E, section through the mouth ana oesophagus of Paramecium 
caudatum, showing the undulating membrane (w.m.) in the oesophagus . 
other letters as in D ; F, section through the adoral zone of NycMherus 
cordiformis, showing the membrancll® {ml.) cut across, each composed of two 
cilia arising from a pair of basal graniJes ; 0, section of the adoral zone of 
Stentor niger, showing a membranella {ml.), composed of fused cilia arsing 

[Continued at foot of p. 
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spiral of Vorticellids are formed each by the concrescence of throe rows of 
cilia (Fig. 186, u.m .) ; in Olaucoma sdntillans there is a “ peroral ” mom- 

brane built up of five rows, an “ ondoral ” membrane of ten rows of fused cilia 
(Maior, 73). 

The membranella) of the adoral zone are formed each by the concrescence 
^of two transvense rows of cilia (Fig. 186, (7, m^.). In some genera {Stentor, 
Spirostomum) the basal rim of each membranella is continued down into the 
endoplasm in the form of a fibrillar plate, triangular in form, with the apex 
continued into a terminal filament, which is attached at its proximal ex- 
tremity to a fibril running longitudinally, parallel to the row of membranellm. 
The nature of this basal fibril has been much discussed ; it has been regarded 
as a nervous element, co-cordinating the movements of the membranella) ; 
Maier, on the other hand, regards the basal lamella and its terminal filament as 
serving for the firmer attachment of the membranella), and considers the 
basal fibril to be a contractile element ; Schroder states that the liasal fibril 
is really a broad band, and believes its function to Ix) purely mechanical ; 
Schuborg rejects the nervous theory of the basal system of the adoral zone of 
Stenior^ but comes only to negative conclusions with regard to its function. 

The cirri of the Hypotricha are formed by concrescence of a tuft of cilia 
arising from a number of basal granules which are arranged to form a basal 
plate (Fig. 186, H, C.). The posterior ciliary ring of Vorticellids is composed 
^f ** J^ttombranulae ” (Maior), each formed by concrosccnco of a single row of 
cilia, throe in each row. The two circlets of Didinium are also mombranulae 
(Then). 

Closely connected with the bases of the cilia in position, and with tho 
ciliary apparatus in their general arrangement, are tho myonemos. The most 
superficial study of tho Ciliata suffices to convince tho observer that these 
animals have in many cases an extremely efficient contractile system. Such 
forms as Stentor, Vorticella, etc., contract with such lightning rapidity that 
it is almost impossible to kill and preserve them expanded ; the spasmodic 
action of their contractile organs contrasts sharply with tho slow contractility 
of lower Metazoa, such as polyps. Trachehcerca, according to Lebedow (93), 
contracts in an instant to one-twelfth of its length when expanded. 

In their primitive arrangement the myonemes run parallel to the rows of 
mlia, immediately beneath the basal granules or close beside them (Fig. 186, 
■o, w.). In Stentor tho myonemos are broad and band-like, and comjxised of 
mernating light and dark portions (Fig. 186, J) ; they are lodged in canals 
below tho alveolar layer, running in the intervals between the “ ribs ” or 
pigmented strips of the body-surface ; tho rows of cilia run above each 
myonemo-canal, slightly to tho side of it (Fig. 186, 7). The myonemes run 
the length of the body, from tho foot to tho adoral zone of membranella). 
At the extremity of the foot they bond inwards and form a cone or “ foot- 


Fm. 186 continued: 

granules in a row forming tho basal rim (6.r.) ; below 
t^he basal rim is tho basal lamella (6./.), continued at its apex into the end- 
nbni (e.f.) which passes down to tho basal fibril (6./.), seen cut in transverse 
soctipn :Z, zoochlorell® ; //, part of a section of tho body of Stylonychia 
nismo, showing two tactile cilia (f.c.) on the dorsal surface, and on the ventral 
surface two cirri ((?.), each composed of a fused tuft of cilia arising from a basal 
plate of granules ; 1, section of tho body-surface of Stentor coerMeua, showing 
tno *o”Kduffinal myonemes (7m.) lodged in canals (c.m.) between the pig- 
mented nbs (p . ) of tho outer surface ; J, one of tho longitudinal mvoncmes 
ot ^tentw m surface view, showing the alternating light and dark portions ; 
A, aetail from a longitudinal section of Epistylia plicatilia, showing the two 
undulating mc^mbranes {u.m.) of tho peristome in transverse section, each 
composed of three fused cilia arising from three basal granules {b.g.) fused 
together ; from each basal plate arises a fibril ; tho two fibrils join and become 
to”heSlk^*^ longitudinal myonemes running down the body 
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plato.” At the upper end of the body fine continuations of the longitudinal 
myonemes can be traced to the adoral zone, ending in the basal rims of the 
membranellae (Schroder, 867). 

IStentor may be taken as a type showing the contractile system highly 
dovelo|)ed in functional efficiency, but more or less primitive in arrangement. 
Canals lodging the myonemes are not present universally, even in highly 
contractile forms ; tlu^y are absent, according to Lebedew (93), in Tracheld- 
cerca, but they are figured by Maier (73) in Frorodon tercH (Fig. 186, J5). In their 
general form the myonciiK^s are simple fibrilbe, often beadc^d when contracted. 

In the more specnalized forms the contractile system ac(iuires a more com- 
plicated arrangement. In Campandla, Schroder (864) describes five systems 
of myonemes : (1) Annular myonemes of the basal part of the body; (2) longi- 
tudinal inyoiu'Tiies of th(‘. outer body-wall, doubtless representing the primitive^ 
system (Fig. 186, K ) ; (3) annular myonemes forming the sphincter-like 
muscle of the margin of the ]x^ristomc ; (4) a spiral myoneme running under 
the adoral spiral, and continued down the wall of the vestibule ; (5) a series 
of rctractor-myonemcs of the peristomial disc. In Epislylis plicatilis, on the 
other hand, Schroder (865) found only three systems : Tho longitudinal 
myomenes (2), the annular jxiristomial myonemes (3), and tho vestibular 
myonemo (4). To these systems found in tho Vorticcllids with non-con- 
tractile stalks must bo added, in tho genera Vorticella, Carchesium, etc., the 
]X)wcrful stalk-muscle (“ spasmonom© ’') formed by tho union of the longi- 
tudinal myonemes (Schroder, 866). In Vorticdla monilata fine connections 
run from tho hinder ciliary ring upwards and downwards to tho longitudinal 
myonemes when the cilia are developed, but di8api)ear when those cilia dis- 
appear. In Licnophora, according to Stevens, the fibril that runs under th(^ 
adoral spiral is continued down to tho disc or cup of attachment and ramifi('s 
in its walls. 

In tho aberrant form Pycnothrix monocysioidesy Schubotz describes a re- 
markable development of tho myonemes in the form of a denso plexus of 
fibrils at the inner limit of the ectoplasm. The fibrils aro connected with the 
basal granules of the cilia, and run in two dirt^ctions, forming a doojXT layer 
of circular myonemes and a moro suix;rficial layer of longitudinal myonemes. 

Tho question has been much discussed whether the contractile system, 
often so highly developed, is accompanied by any conducting elements of 
nervous nature. That many ciliates react with extreme rapidity to stimuli 
has been noted above, and that their movements are co-ordinated is suffi- 
ciently apparent. Neresheimor (856) describes in Stenior filaments believed 
to be of nervous nature, ncuronemes which take origin from tho foot and 
run about halfway up tho body, at which point each neuroneme either ends 
in a bulbous swelling or becomes thinner and disappears. The neuronemes 
are situated externally to the myonemes, and run parallel to them. By 
experiments with various drugs, Neresheimor tried to prove tho existence 
in Etentor ottruo nervous elements, as compared with Paramecium and other 
forms in which ncuronemes were not found, and concluded that the elements 
described by him were truly nervous in nature. Schroder (867) casts doubt 
on tho existence of neuronemes and criticizes Neresheimer’s technique. 
Lebedew (93), however, describes fibrils, possibly nervous in nature, running 
parallel to tho myonemes in Trachdocerca. 

For the present tho existence of nervous elements in Ciliata must remain 
doubtful. But of tho sensory function of the cilia there can be hardly any 
doubt, and the fact that their basal granules aro always in close proximity 
to the myonemes is extremely significant. Such a direct contact between tho 
sensory and contractile mechanisms may render conducting elements of 
nervous nature unnecessary, except for purposes of co-ordination of move- 
ments. In some cilia, as already stated, tho motile function is lost, and only 
the sensory function remains. The genus Mycterothrix {Trichorhynchus) is 
characterized by a rostrum bearing a number of stiff, tactile cilia (Faure- 
Fremiet, 839). In some cases, however, sensory organs occur which appear 
not to be derived from cilia, as, for example, the tentacle-like or club-shaped 
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organs, probably tactile, between the membranclla? of the adoral spiral of 
Tintinnidm (Schwoyer). 

The nature and mechanism of the peculiar trichocysts remains to bo ex- 
plained. The tricbocyst in the iinexplodod state is a spindle-shaped body 
with a fine, hair-like process at its outer end which reaches to the ptilliclo 
(Fig. 180, Z>, T.). The exploded trichocyst fajx^rs gradually to a sharp point 
at its proximal end ; distally it shows a cap-like swelling (Fig. 187, D—Q). 
According to Khainsky (170‘5) tin; trichocyst consists of two portions : a distal 
or outer part which stains deeply, and a proximal or inner part which stains 
a lighter colour (Fig. 187, A— C). 

The unexplodcd trichocyst consists 
entirely or almost cntirc'ly of the 
darker substance ; in the process of 
explosion the dark substance is con- 
verted into the light, so that in the 
cxplodc'd trichocyst only a small 
portion of the dark substance 
remains to form the distal cap. 

The notion, recently upheld by 
Mitrophanow (855), that the tricho- 
cyst consists of viscid fluid con- 
tained in a cavity in the ectoplasm, 
whence it is expelled by a sudden 
contraction of the ectoplasm, and 
stiffens to a solid thread under the 
action of the watery medium, 
cannot be maintained (Schuberg, 

44) ; nor does there seem to bo 
any ground for com|)aring it to a 
Ckelenterate nematocyst or to a 
polar capsule of a Cnidosporidian 
spore. According to Mitrophanow, 
the substance of the trichocysts 
appc'ars first near the nucleus in 
the endoplasm as small grains which 
pass out into the ectoplasm. Tricho- 
cysts do not occur in any Peritricha, 
but in one sjxicies, Epistylis umbel- 
laria, largo oval nematocysts occur, 
arranged in pairs — a phenomenon 
unique amongst the Ciliata. 

The contractile vacuoles open to 
the exterior as a general rule, but 
in the Peritricha, as already stated, 
they open into the vestibule ; in 
this order there is usually a reservoir- 
vacuole into which one or two con- 
tractile vacuoles empty themselves, and which in its turn voids its 
contents into the vestibule. In Campanella, however, there is no resiirvoir- 
vacuole, and the single contractile vacuole opens by two canals into the 
vestibule (Schroder, 804). In Ojxdina there are no contractile vacuoles, 
and in some species {e.g., 0. ranarum) no excretory organs are to be found ; 
but in other species the endoplasm contains an axial scries of more or less 
irregular vacuoles, opening one into the other and to the exterior by a pore at 
the posterior emd of the body. These vacuoles arc sometimes in close relation 
with the nuclei, often enveloping them to form a perinuclear spa(X) (Metcalf, 
852). In Pycnothrix monocysUMes the endoplasm is traversed by a branched 
system of excretory canals, which unite into a single efferent duct opening at 
the surface of the body near the posterior end by a pore ; the dqpt is ciliated, 
and is homologized by Schubotz with the cytopygo, which in Nyctotherua is 
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Fio. 187. — Trichocysts of Infusoria. 

A — E, Stages in the explosion of the 
trichocysts of Pararneduni caudatum, 
showing the manner in which the tricho- 
cyst grows in length, with conversion of 
a darkly-staininff substance into a lighter 
material ; the fully-exploded trichocysts 
are seen in D and E. After Khainsky 
(170‘5). F, 0, Exploded trichocysts 
of Fronionia leucas. After Schuberg, 
magnified 1,500 diameters. 
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also ciliated. These excretory systems of Opalina and Pycnothrix differ in 
being endoplasmic from the ordinary contractile vacuoles, which are always 
formed in the ectoplasm. 

The endoplasm of the Ciliata may contain enclosures of various kinds : 
food-vacuoles ; metaplastic bodies in the form of excretory grains, crystals, 
pigment-grains, etc. ; zoochlorellae, and occasionally parasites of one kind or 
another, etc. Special attention has been drawn by Faure-Fremiet (38'5 and ' 
835) to the bodies termed by him spheroplasts, and considered by him to I 30 
homologous with th(5 mitochondria (p. 41). The bodies in ((iiestion are 
small spherules, which multiply by fission when the cell- body divides ; they 
are permanent cell-organs to ilio saTue extent as the nuclear apparatus, of 
which, however, they are entirely indejxindent. 

As pointed out above, the form of the macronuclcus and the number of 
nuclei vary greatly in different species. The cases will be considered below 
in which the mieronucleua appears to be wanting (Opalina), or is contained 
in the macronuclcus in the ordinary condition of tho body {Trachelocerca, 
Ichthjophthirins). As a rule tho macronuclous has a finely granular appear- 
ance, with tho chromatin distributed evenly over the nuclear framework ; 
but in a few cases it has a distinctly vesicular structure, with a large karyo- 
somc, as in Loxodes (Joseph, Kasanzeff), Chilodon (Nagler, 96), etc. Tho 
macronuclcus divides by binary fission of a simple and direct typo (Pig. 54). 
Tho micronucleus, on tho other hand, divides by mitosis (Fig. 61). In 
Trachelocerca, a form which may possess one or many nuclei (but no separate 
micronuclci), Lebedew (93) describes a peculiar mode of multiplication of tho 
nuclei, which divide by multiple fission to form a morula-like body consisting 
of a mass of small nuclei which seimrato from one another (Fig. 66). In 
Loxodes, another form in which the number of nuclei varies greatly in different 
spcicimeiLS, tlio macronuclci do not divide, but only tlio micronuclci do 
so, and the macronuclei arise by growth and modification of tho micro- 
nuclei (Kasanzeff). In many cases in which tho macronuclous is of tho 
elongated moniliform typo, or in which the body in the ordinary state contains 
two or more macronuclci, they come together to form a single compact 
macronucleus prior to division; but in other similar cases this does not occur, 
and when the body divides tho nuclei are distributed irregularly between tho 
two daughter-individuals, as iu Trachelocerca, Opalim, etc. The distributed 
form of nucleus is especially characteristic of the astomatous parasitic forms, 
and in tho opinion of Pierantoni [A.P.K., xvi., p. 99) is correlated with nutri- 
tion by the osmotic method. 

The micronucleus is loss variable in form or number, as a general rule, 
than tho macronuclcus, but is not infrequently multiple, especially when there 
is more than one macronuclcus ; but in Trachdius ovum a single largo macro- 
nucleus is combined with thirteen micronuclei (Hamburger, 841). 

The conjugation of the Ciliata conforms, as a general rule, in its main 
outlines to the scheme sketched out above (Fig. 77), but some important 
variations must bo noted. In the first place, the conjugation is often pre- 
ceded by active division of the animals, so that the conjugants* are much 
smaller than the ordinary individuals of the species. When tho two conju- 
gants come together, the micronucleus of each usually divides into four, but 
sometimes into eight, as in both conjugants of Euplotes and tho microconju- 
gant of Peritricha ; in either case, however, only one micronucleus persists, 
and furnishes the two pronuclei. 

Tho Peritricha exhibit in their conjugation certain peculiarities which are 
clearly qf a secondary nature and correlated with their sedentary habit. 
Certain individuals divide two or throe times successively to produce four or 
eight microconjugants (“ microgametes ”) which acquire a ring of locomotor 

♦ It is preferable not to speak of two conjugating Infusoria as gametes, since 
it is very doubtful if they correspond to tho gametes in tho other olasses of Protozoa. 
It is on tho whole more probable that the conjugants correspond rather with 
gamonts or gimetocytes, which ori^nally produced a number of gametes, reduced 
now to two, represented in each oonjugant by the two pronuclei. 
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cilia and swim off. Each microconjugant attaches itself to a macroconjugant 
— that is to say, to an ordinary sedentary individual ; each of the conjugants 
has a single micronucleus and macronucleus, but as soon as they bocoino 
associated the changes preparatory to syngamy begin. In the microconjugant 
the micronucleus divides three times to produce eight micronuclci. In 
Carchmum the first of these divisions is an equating division ; the se(;ond 
j reduces the number of chromosomes from sixteen to eight ; and the third 
division is again an equating division (Popoff, 12.5), Meanwhile the macro- 
nucleus is in process of degeneration, and is breaking up into fragments. 
Of the eight micronucloi, seven degenerate, one persists and divides into two 
pronuclei. In the macroconjugant, meanwhile, similar events are taking 
place, but the micronuclcus only divides twice, first by a reducing, then by an 
equating division, to produce four micronuclei, of which three degenerate, 
while the fourth persists and divides into the two pronuclei. 

Of the two pronuclei now present in each conjugant, one degenerates in 
each case ; the persistent pronuclous of the microconjugant passes over into 
the macroconjugant and copulates with its ix3rsiHtcnt pronucleus. The frag- 
ments of the macronuclcus also pass over into the macroconjugant, but are 
there absorbed slowly. The body of the microconjugant then falls off and dies ; 
only the macroconjugant is fertilized. 

Variations of minor importance are seen in the behaviour of the synkaryon 
of the exconjugant after fusion of the pronuclei has taken place. For example, 
in Paramecium bursaria the synkaryon divides to form four nuclei, two of 
which become macronuclei, whereupon the exconjugant divides into two 
ordinary individuals (Hamburger, 842) ; in Licnophora the synkaryon divides 
into eight, which become a micronucleus and a macronuclear chain of seven 
segments (Stevens, 872) ; in Carchesium the synkaryon divides also into eight 
to furnish a micronucleus and seven separate macronuclci, but the micro- 
nucleus then divides six times, with subsequent divisions of the body and 
sorting out of the macronuclei, until seven individuals, each with a single 
micronucleus and macronucleus, are produced (Popoff, 125) ; in Anoplophrya 
the synkaryon divides into four nuclei, two of which degenerate, the remaining 
two becoming a micronucleus and a macronucleus respt^ctivoly. The method 
of nuclear reconstruction may vary even in the same species, as shown by 
Prandtl (126) in the case of Didinium. 

The most important deviations from the usual scheme of conjugation are 
seen in those forms in which there is no separate micronuclcus in the ordinary 
condition. The cases of Opalina and Ichlhyophthirius, parasitic forms and 
therefore open to the charge of degeneration, are dealt with below. In 
Trachdocerca phmnicopterus, a free-living species, conjugation has boon 
described by Lebedew (93) between individuals containing many nuclei all 
similar in appearance, each with a large karyosome. Prior to conjugation 
the chromatin passes out of the karyosome into the nuclear cavity of each 
nucleus (Fig. 188, A, B), which then divides into four. The chromatin forms 
a compact mass at one polo of each nucleus. During conjugation those masses 
of chromatin pass out of the nuclei, and lie free in the cjdoplasm between 
them (Fig. 188, C~Q ) ; each such mass is now to bo regarded as a micro- 
nucleus and lies in a clear area, finally becoming a vesicular nucleus with a 
distinct alveolar structure ; the old nuclei can now bo considered as macro- 
nuclei. All the nuclei now collect in a mass near the middle of the body. 
The macronuclei ultimately degenerate ; the micronuclei multiply by fission, 
but ultimately, according to Lebedew, they all degenerate with the exception 
of one in each conjugant ; the persistent micronucleus divides into two pro- 
nuclei which conjugate in the usual way ; unfortunately, the author’s observa- 
tions contain so many gaps that this statement cannot bo considered estab- 
lished so decisively as could bo desired. The cxconjugants contain each a 
single synkaryon which divides by successive divisions into a number of nuclei 
not differentiated into micronucloi and macronuclei. 

The case of Trachdocerca^ as it is described, furnishes an important clue 
to understanding the origin of the heterokaryote condition of Infusoria from 

29 
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that found in other Protozoa. In this case, during the ordinary vogetalivo 
condition, the generative chromatin representing the micronuclcus of other 
Infusoria, and the vegetative chromatin rc'prcsenting the macronucleus, aro 
contained in one and the same nucleus, and become separate only wtion 
svneamv is about to take place. The first sign of tfie separatjon js the forma- 
tim of chromidia from (ho karyosomc witiiin tho miclouH, rosultmg m (ho 
formation of a secondary nucleus whieli hecomes separate and nhicli hefiavos 
exactly as auonlinary mierenucleus ; thus mdicatmg a clear Jiomology hetwcon 
the. micnmucloi of Infusoria and the secondary generative nuclei of harcodma. 

The. production of numerous micronuclei in the conjugation of Tjachclocnca 



Fig. 188 .— Formation of micronuclei in TracMoctrca 'phenicopterus. A, B, A 
nucleus has divided into two, and from the karyosome {k.) of each daugntcr- 
miclcus masses of cliromatin arc being given off into the nuclear cavity : 
C, D, tho two nuclei of tho preceding stages have dividend again, to form a 
groin) of four, and the chromatin-masses (n) have acquired a compact stme- 
turc and arc passing out of the nuclei to fomi the micmnuclci ; m C crystals 
arc seen in the cavities of the old nuclei, jirobably a sign of degeneration , 
E. F, two groujis of nuclei, both fium tho same spccim.cn ; the micronuclei 
given off from tho old nuclei become surrounded by a vacuole (w in t ), aiu 
then acquire an alveolar structure (n’ in E) ; Q, portion of a preparation ol 
the body of a conjugant, the wavy contour on the right being tho surface oi 
the body which is in contact with the other conjugant ; numerous micronucMei 
( 71 ) are seen, and also macronuolei, some of which still appear normal (iV), 
others degenerating {N’). After Lebedew (93). 

is noteworthy, and would appear to favour tho theory (see p. 154) that primi- 
tively numerous gametes (sw'arra-spores) were produced in the conjugation 

of Infusoria. , . rt i- ^ 

Examples of a complicated lifecycle are to ho found m Oiliata cnie4i>i 
perhaps solely, among parasitic forms. As an example may ho taken 
thyopMhiriua mvltifUm, a parasite of the skin of various species of fresh-watci 
fishes. In aquaria, where, owing to tho limited space, tho parasites, if presen , 
find their way to tho fish very easily, and where, consequently, a fish become'^ 
infected with vast numbers of tho ciliatos, tho parasites are usually lethal to 
the host, and cause its death, according to Buschkiel, in about fourteen dayn. 
In Nature, tin the other hand, “ ichthyophthiriasis ” is seldom observed, pro 
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ably owing to the fact that under natural conditions only a very small propor- 
tion of the young jjarasites succeed in establishing thenisolves on a fish, and 
consequently the infections produced arc so slight that they are overlooked, 
and the fish is unharmed. 

The life-cycle of Iclithyo'phtMrius is as follows: The youngest parasites 
hatched out from a cyst are very small, and have a macronucleus and a micro- 
* nucleus. They seek out a fish and bore into its epidermis, attaching tluun- 
selves by one end of the club-shaped body and rotating actively, with the 
result that epithelial cc'lls are displaced, and eith(>r cast off into the water or 
form a ring-like wall round the parasite. In this way the infusorian works 
its way gradually into the deeper layers of the epidermis, which closes ov<t it, 
so that the parasite lies finally in a closed hollow space in the epidermis, Tn 
this position it grows in size, and at a certain j)oint the micronuchnis dis{i])pears, 
}iassing into the macronucleus to form a nucleolus-like body within it. The 
parasite appears to the naked eye as a little white spot on the skin, occurring 
on any part of the body-surface or on the gills. It Witains its cilia, and can be 
s('eu rotating within the cavity in which it lies. 

The full-grown Ichthyophthirius may reach 1 millimetre in diameter, but is 
usiially less, about 0'75 millimetre. When full-grown the eiliate bre^aks out 
of the cavity in the epidermis and sinks to the bottom, attaching itself to the 
ground or to water- weeds, and becomes encysted. Within the cyst it multi- 
plies by binary fission repeated eight times, producing 256 small ciliates ; 
sojnetirnos this multiplication tak(;s place without encystment. During this 
proc(;ss of multiplication the microniudcus iXMippears, being extruded from 
the macroiiucleus of each individual when not less than four are pn^sent in 
the cyst ; but the exact ixiriod at which the micronuclei ap^war varies in 
different cases. In addition to the micronucleus, one or two other extrusions 
from the macronucleus lake place (Buschkicl) ; but whether theses re{)resent 
other micronuclei or expelled vegetative chromatin is not clear ; in any case 
they deg(!nerato and disappear. When the micronucleus makes its appearance, 
it divides by mitosis at each division of the cell-body, as in ordinary fliliata, 
while the macronuclcus divides in the usual way by direct division. 

When the full number of tiny ciliates is formed, each with a macro- 
nucleus and micronucleus, sexual phenomena o(!eur, but the events that 
take place are described differently by different investigators. According to 
Neresheimer (858), in each individual the micronucleus divides twice, and 
three of the four micronuclei produced degenerate ; the fourth then divides 
again. The reduction- process is, therefore, according to this account, similar 
to that of other Ciliata, and the organism appt^ars to be ready for conjugation, 
with two pronuclei ; but Neresheimer was unable to observe conjugation taking 
place cither in the cyst or after the organisms have become free ; ho observed, 
however, sometimes two micronuclei, sometimes one, both in free forms and 
in those attached to the fish, and from this it was inferred that the two pro- 
nuclei fuse autogainously, leaving the possibility open, however, that heter- 
oganious conjugation might sometimes occur. According to Buschkicl, on 
the other hand, the micronucleus of each individual divides twice, and, of the 
four thus produced, two degenerate, and the remaining two fuse autoga- 
mously while still within the cyst. 

The little ciliates are set free from the cyst, and seek out a new host in their 
turn. From the time that the full-grown parasite lcave(i^o fish to the time 
that the brood is liberated from the cyst is, according to Buschkicl, about 
twenty hours, more or less. If an infected aquarium be kept empty of fish 
for sixty hours, it becomes disinfected, since the parasites all die off if they 
cannot attach themselves to a fish very soon after they are hatched out. 

The entozoic Ciliata, in which adaptation to a purely parasitic life has led 
to the degeneration of the apparatus of a holozoic mode of nutrition — that is 
to say, of the mouth, peristome, and accessory cilia— are sometimes classified 
as an order, Astomata, of the Holotricha ; but there can bo little doubt this 
group, like others founded on negative characters, is a heterogeneous collection 
of forms in which the characters they possess in common are due to convergent 
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adaptation to their modo of life (c/. L6ger and Duboscq, 848). The best* 
known genera are Anoplojyhrya, a typical ciliato with micronucleus and 
macronuclous and with a rudimentary cytostome, constituting with Ilopli- 
topkrya, Herpeiophrya Disrophrya, etc., the group Anoplophryinm ; Chromidina 
and Opalinopsis, parasitic in Ccphalopods, are probably allied to the fore- 
going {cf. Dobell, 833). I’he species of Opalina, constituting the group 
Opalinince, are parasitic in frogs and various cold-blooded vertebrates ; 
their nuclei vary in number in different species from two to an indefinitely 
large number, but are all similar and without differentiation into micronuclei 
and macronucloi at any period of the lifc-cycU’i. Ceji^do has monographed 
the section Anoplophryinm, and has described a number of now genera and 
species, distributed amongst eleven families. The Astomata are internal 
parasites of their hosts, especially of the digestive tract. Protophrya ovicola 
occurs in the brood-sac of the mollusc Littorina rudis, and is parasitic upon 
its eggs, causing their disintegration (Kofoid). 

The remarkable form Pycnothrix monocystoides, from the gut of Ilyrax 
capensis, described by Schubotz, deserves special mention. It reaches a length 
of 3-2 millimetres, and contains parasitic nematodes. The animal itself has 
a great sujierficial resemblance to a nematode or to a monocystid gregarine ; 
it has a very thick and distinct ectoplasm, covered by an even coat of short 
cilia, and with two longitudinal grooves which Schubotz regards as equivalent 
to the jK'.ristomial grooves of other Oiliata. Each groove contains a series of 
pouch-like depressions, which oixm down into the endoplasm, and arc ])rovided 
with Sjiecial tracts of myonemes. Schubotz regards these pouches as a series 
of cytostomes, but no food -particles or vacuoles are found in the endoplasm ; 
the interpretation, fhoreforo, of these openings as cytostomes can only be 
taken in a phylogenetic sense ; actually they appear to represent pirforations 
of the tough ectoplasm which may facilitate absorption of food by the osmotic 
method. For the cilia, myonemes and excretory system of this form see 
above (pp. 443, 44(5 447); the micronucleus and macronuclous are each 
single and of tlio ordinary type. Pycnothrix stands at present quite 
isolated. 

'Iho spcics of the genus Opalina differ in certain }x>culiaiitics of structure 
and life-history from all other ciliates. The life-history of the common 
8i)ecics of Opalina parasitic in the rectum of the frog has been studied by 
Metcalf (853) and Neresheimer (867), whose accounts agree as regards the 
general life-cycle, but differ in some cytological details. 

Opalina ranarum multiplies in a vegetative manner during the summer 
and autumn months, but in the spring a special propagative cycle occurs in 
relation to change of hosts and is followed by sexual processes. 

The vegetative reproduction increases the numbers of the parasite in the 
host ; it consists of two proces.ses, multiplication of the nuclei and division 
of the body, which go on independently. The animal contains a great many 
nuclei, and when it reaches a certain size the body divides either longi- 
tudinally or transversely to produce two daughter-individuals, each of which 
grows again to the full size. The multiplication of the nuclei is effected by 
a simple mitosis, similar to that of thejnicronucleus of other Infusoria, and 
without controsomes. 

In the spring the parasites divide rapidly and repeatedly, without growing 
to full size bet ween the divisions, so that they become continually smaller in 
size. A few individuals, however, do not undergo this process of rapid 
fission, but remain of the ordinary tyijo, forming a stock which persists and 
carn'ts on the infection in the frog, while those which divide up are de -.tined 
to pass out of it. At the beginning of the process of rapid division, the nuclei 
extrude chromidia, some of which are absorbed, while from the remainder 
secondary nuclei are formed (Neresheimer). Finally the old nuclei arc 
absorbed. The secondary nuclei also multiply by mitosis ; and, according 
to Metcalf, in the later mitoses preceding encystment the number of chromo- 
somes is reduced to one-half the ordinary number (in 0. intestinalia from eight 
to four, in 0. cavdata from six to three). The result of the repeated ^vision 
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is to producx) small individuals containing, as a rule, from tlirco to six secondary 
nuclei. Such individuals become encysted (infection-cysts), and pass out of 
the frog in the fjcccs. The animal at first fills the cyst completely and shows 
no cilia, but after a time file body shrinks within the cyst, and the animal is 
then seen to have a ciliary covering. 

^ The fa?ces of the frogs are readily diivoured by tadpoles, which t hus become 
inf(!ctcd with cysts. In the gut of the tadpole the Opiiina emerges from its 
cyst. It at once divides up into uninucloatci individuals, the gaimites, 
elongated club-shaped forms with a sparse coat of cilia over the llatlcuiecl 
body. Under unfavourable circumstances the gametes undergo agglomera- 
tion in rosettes, adhering by tluur piinted ends (Neresheimer). Und(;r 
normal circumstances they copulate in pairs as isogarnctes, according to 
Neresheimer, in 0. ranarum ; but Met calf describes smaller uninucleate micro- 
gamet(>s and larger macrogametes with one or two nuclei, in other spc^cics ; 
the male pronuclcus then fuses with one of the two nuclei of the macrogamete. 
The zygote of 0. rananim,, with the two pronuclei still separate, rounds itself 
off and becomes encysted (copulation -cyst) ; within the cyst tlu) two pronuchu, 
which have passed into a spindle-stage, undergo fusion. The zygote emerges 
from the cyst with a synkaryon, and it becomes an adult Opalina. 

Neresheimer considers that the life-cycle of Opalina proves that its affinitii^s 
are with Flagellata rather than with Infusoria. In deciding this question, 
it must bo considered, in the first place, whether in such a form the life-cycle, 
or the structural features of the body, are most liki^ly to indicate affinity— 
that is to say, least likely to exhibit secondary peculiarities due to adaptation. 
Opalina is a parasitic form, and its life-cycle shows very obviously a direct 

daptation, of a type very common in parasitic Protozoa, to its mode of life ; 
multiplicative reproductien increasing its numbers within the host, and prop- 
agative reproduction, combined with sexual plMuiomena, heading to tho 
infection of new hosts. On the other hand, its minute structure is that typical 
of Uiliata, a character hardly likely to bo duo to the influence of parasitism, 
as Popoff (125) has well pointed out. 

The chief difference between Opalina and otluT Oiliata, whicli recpiiros 
sptHiial consideration, is the fact that tho animal contains but one kind of 
nucleus. This, however, is a character known in other geiK'.ra of Uiliata 
also— e.gf., Trachdocerca^ Ichthyophthirins. There can 1x5 but little doubt 
that th(5 heterokaryoto ” condition of tho Infusoria, with distinct generative 
and vegetative nuclei, must have bixsn derived phylogonctically from a condi- 
tion in which, as in other Protozoa, the two kinds of chromatin were contained 
in one and tho same nucleus ; and to find this condition still retained in some 
Infusoria would not bo remarkable. In such forms it is to bo ox[X)ctod that 
prior to gamete-formation tho vegetative chromatin, equivalent to tho 
macronucleus, would bo expelled, and the pronucloi would bo formed from 
generative chromatin. 

I hero is nothing, therefore, to be said against tho view of l\)poif, that 
Ojxilina shows the most primitive tytw of gamete-formation known at pn^sent 
amongst the Uiliata. Its nuclei contain generative and vegetative chromatin 
combined, and in preparation for syngamy nuclei are formed which are purely 
generative, out of chromidia expelled from the primary nuclei. Tho forma- 
tion of uninucleate gametes which copulate (total karyogamy) has been re- 
garded by almost all thosui who have theorized on tho subject as lieing probably 
the most primitive type of syngamy from which the conjugation (partial 
karyogamy) of the Uiliata has been derived (p. 1.54). 

In Trachelocerm (p. 450) the gamont produces in a similar manner a number 
of generative nuclei (micronuclei) prior to the syngamic prowess ; but hero, 
as in Uiliata generally, tho gamont no longer divides into a number of gametes ; 
only one micronucleus in each gamont persists to form tho two pronuclei, and 
the usual process of partial karyogamy takes place. These considerations 
indicate that tho monomorphic character of the Infusorian life-cycle is a 
secondary feature ; as the structural complication of the body tias increased 
so tho tendency to divide up into relatively minute swarm-spores has been 
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suppressed, and has been replaced by the peculiar typo of syngamy charac- 
teristic of the group. 

The question of the exact systematic position of Op'dina cannot be decided 
until more is known of the life-cycles of other parasitic Ciliata ; but at present 
th(^re do not seem to bo any cogent reasons for removing this genus from the 
Ciliata. , 

Affinities of the Ciliata. — A typical ciliatc, such as Paramecium, with its 
even coat of fine cilia, its heterokaryoto nuclear apparatus, and its peculiar 
typo of syngamy with partial karyogamy, stands apart and apparently 
isolated from the typical members of other classes of the Protozoa. Never- 
thclc.ss, oven within the limits of the class Ciliata, 
examples are to be found in which the heterokaryoto 
condition is not developed, or only api)cars prior 
to syngamy in th<» form of a separation of gonorativo 
from vegetative chromatin {Trachelocerai, Opalina), 
and in which the syngamy takes the form of total 
karyogamy between minute gametes, swarm-spores 
(Opalina). Such castvs, while they minimize the gap 
between Ciliata and other Protozoa, do not bring the 
ciliates nearer to any particular class, since a similar 
type of syngamy and of preparations for it may occur 
either in Sarcodina or Mastigophora. 

As the most distinctive feature of the Ciliata there 
remains that which is 
implied in the name -- 
that is to say, the ]) 08 ses- 
sion of cilia. As has been 
pointed out above, how- 
ever, a cilium is similar 
to a llagollum in every 
essential point of structure 
and function. There can 
1x5 no doubt that the 
ciliary covering represents 
a largo number of flagella 
specialized in rcsiX5ct to 
size, number, arrange- 
ment, and co-ordination. 

It has been mentioned 
above that some flagel- 
lates, such as the Tricho- 
nymphidee and allied 
forms, are regarded by 
some authorities as transi- 
tional from the FJagollata 
to the Ciliata. It is per- 
haps improbable, how- 
ever, that the transition 
from the one group to 
the other should have been 
through endoparasitic forms ; and it is on the whole more likely that free- 
living forms, such as the holomastigote genus Mtdticiiia, are the nearest 
repres utatives of th(5 earlier ancestral forms of the Ciliata. 

Two interesting forms have been described which combine in some respects 
the characters of both Flagellata and Ciliata. 

Maupisia paradoxa (Fig. 189, B) is described by its discoverer, Schewiakoff 
(863), as having the body metabolic, with cilia in the anterior part of the 
body, and the remainder covered with long flagella. At the hinder end of the 
body is a longer dagellum implanted elose beside the aiX5rture of the efferent 
duct of the contractile vacuole. The mouth -opening, on the ventral side of 




Fio. 189. — A, Moiiomnstix ciliatus: fl., flagellum; 
0 , mouth ; N, macronuclcus ; n, raicronucleus ; 
C.V., contractile vacuole ; a., anus, near which opens 
the efferent canal of the contractile vacuole. After 
Roux, magnified 1,000. B, Maujxisia paradoxa : 
ais., oesophagus; other letters as in A. After 
Schewiakoff, magnified 1,300. 
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the body, leads into a short (esophagus. The nucleus is single, without a 
microniiclous. Schcwiakoff makes Maupasia the type of a distinct order of 
the Ciliata — the Mastigotricha. 

Monomastix ciliatus (Fig. 189, A), described by Roux (862), and referred by 
him also to the Mastigotricha, has an even coat of cilia all over the body, and 
* possesses two macronucloi, near each of which is a micronucleus ; its most 
remarkable feature is the possession of a long flagellum implanted at the 
anterior end of the body close to the mouth. 

From these various considerations, it s(^cms highly probable that the Ciliata 
are chiscended from flagellate ancestors ; but it is not possible at present to 
indicate with any approach to exactness the lino of descent. 

Subclass II. — Acfnetarta (Suctoria, Tentaculifora). 

The Acinotaria arc distinguished from the Ciliata by the posses- 
sion of the following characters in ciombination : The adult organism 
is of sedentary habit, and has no cilia, though the youngevst stage 
in the life-history is typically a frcc-swimming ciliated organism ; 
there is no mouth, but both the capture and ingestion of food is 
effected by moans of special organs pt^culiar to this subclass, and 
known as tentacles. 

An acinetan may bo attached to various objects, and is frecpicntly 
cpizoic. Some species attach themselves indifferently to a living 
or a lifeless object ; others are constantly cpizoic, and occur always 
attached to some particular animal, frccpicntly to a particular 
organ of it. Very few species, however, arc truly parasitic in the 
adult condition ; on the other hand, many species are parasitic in 
the early larval stages of their life-history, and frequently so within 
the bodies of Ciliata (Fig. 192). The marine genus Ophryode^idron, 
however, is a true ectoparasite of hydroids, according to Martin, 
and contains nematocysts derived from its hosts. In this case the 
parasitism is correlated with a peculiar dimorphism of “ proboscidi- 
form ” and “ vermiform ” individuals, the former possessing a tuft 
of tentacles on a proboscis-like process, the latter being without 
tentacles altogether. The vermiform individuals are budded from 
the proboscidiform, and cither form can produce ciliated buds, 
which develop into proboscidiform individuals again ; but the 
vermiform type does not grow into tln^ proboscidiform. In De^i- 
drosomides paguri, however, Collin (881) finds that similar vermi- 
form individuals become transformed into the tentacle-bearing 
form. In EJmhdophrya trimorpha, ectozoic on a Copepod (Cletodes 
lo7igicaudaius), there are three forms of individuals — namely, in 
addition to tentaculated and vermiform specimens, peeidiar “ unci- 
form ” individuals, which are also without tentacles (Chatton and 
Collin, 876). 

The form of the body varies greatly, but may be said to be 
typically vase-like, with or without a stalk or peduncle.* In sessile 
forms the body is attached by a broad base to the substratum. In 
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stalked forms the body is raised up from the point of attachment 
on a straight, non-contractile stalk of secreted substance, similar to 
that of many Vorticellids, and the animal as a whole may resemble 
in its general contours an Epislylis or other Vorticellid (Figs. 10, ^ 
190). Collin (877) finds that the stalk consists of a sheath, a cor- 
tical layer thickest at tlie base, and a medullary substance stratified 
longitudinally to tlie longitudinal axis. The base of the stalk rests 
on a cushion of secreted substance — the portion which is first 
formed, and which is produced by a special organ of the larva 
comparable to tlie scopula (p. 441) of the Vorticellids. 

The body is often protected by a secreted house or theca, con- 



conjugating. After Saville Kent. 

tinuous with the stalk in tlie pedunculate forms. In Astrophrya 
arenaria the house is built up of foreign particles of various sizes 
(Awerinzew). As in the attached ciliates, colonies may be formed 
of considerable size and extent, and of various forms. The non- 
pedunculate genus Dendrosoma produces spreading colonies, which 
bear a considerable resemblance to a polyp-colony. 

The characteristic tentacles are stiff protoplasmic processes con- 
sisting of a parietal layer of ectoplasm in the form of a tube en- 
closing a canal containing fluid. The apex of the tentacle usually 
terminates in a sucker-like knob ; suctorial tentacles (“ Saugten- 
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takel ”) of this type are always present. In the genus Ephelota 
there are present in addition prehensile tentacles (“ Greiftentakel ”), 
whicii end in a fine point. The exterior of the tentacle is clothed ' 
by a delicate pellicle, continuous with that of the body, and forming 
*in the suctorial tentacles a slieath or tube, from the end of which 
the sucker protrudes. The tentacles are slowly retractile. When 
expanded they appear homogeneous ; but in the process of retrac- 
tion they exhibit a spiral marking, duo apparently to creases and 
folds in the pellicle, and not to be interpreted as indicating the 
presence of myonemes. The tentacles are used for the capture of 
prey, which consists chiefly of ciliates. As soon as the sucker-like 
extremity of a tentacle touches a ciliate it is held fast ; the substance 
of the prey is then 
slowly absorbed by the 
tentacle, and passes as 
a stream of granules 
down the axis of the 
tentacle. During this 
process the ciliate re- 
mains alive, with cilia 
movin gand contractile 
vacuoles pulsating, until 
about half its substance 
is absorbed (Filipjev). 

In the genus Bhyn- 
cheta there is but a 
single tentacle of groat 
length ; in Urnula (Pig. 

191), one or two. Other 
genera bear usually 
many tentacles, which 
may be distributed 
evenly over the body- 
surface, or, more eoraraonly, occur in special regions of the body 
or are distributed in tufts and patches. In Dendrocometes the 
tentacles occur in bunches borne on branches or arm-like processes 
of the body-wall. 

Ishikawa describes in the larger prehensile tentacles of Ephelota buetscMiana 
a system of filaments, consisting of fine tlireads nmning parallel to one 
another in pairs and continued into the body as far as its base. The filaments 
B^in deeply with iron-haematoxylin. According to Collin (877 ), each such pair 
of filaments is in reality the optical section of a fine tube. A suctorial tentacle, 
according to Collin, represents a deep invagination of the ectoplasm, opening 
at its innerniost end into the endoplasm like the c 3 rtopharynx of a ciliate. 

prehensile tentacles, on the other hand, are special formations of a 
different kind, simple evaginations of the body-wall, pseudopodial in nature, 
and contain^ from one to three axial filaments, the number increasing with 
the age of the tentacle. 



Fig. 191 . — Urnida epistijlidis, cpizoio on Deiidro- 
soma radians. A, B, Individuals with one or two 
tentacles respectively ; 0, formation of a bud 
(jr) ; D, the same seen in transverse section 
passing through the bud and the macronuclcus 
of the parent ; E, freo-swimming larva ; F, en- 
larged view of the single tentacle, showine the 
spiral striation. After Hickson and Wads- 
worth (886). 
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When a ciliatc — for example, a Paramecium — is captured by the tentacle, 
its protoplasm streams down the tentaelo to form a mass in the endoplasm 
of the acinctan. Before the process of suction is complete the mass breaks 
up into smaller masses, and these again into still smaller ones, which are 
carried away by the cyclosis of the endoplasm, and other masses of small 
size continue to be formed at the base of the tentacle. Round each of these * 
food-masses a fluid vacuole is formed, in which the ingested protoplasm is 
for the most part dissolved, becoming reduced to a few granulations. The 
vacuole then gives off fluid and diminishes in size, and the contents are con- 
centrated to form a rcfractilc body. Throe kinds of such refractile bodies are 
formed: so-called “colourless bodies” which stain feebly with nuclear stains, 
and are derived from the protoplasm of the prey ; “ tinctin-bodies,” staining 
deeply, and originating, as described by Martin, from the chromatin of the 
prey ; and others, found in some acinetans, derived from the chlorophyll of 
green ciliatos and algal spores devoured by the animal. If a Tocophrya bo 
starved, the rofringent bodies are slowly absorbed, and the protoplasm becomes 
quite clear (Filipjev). Hence the refringent bodies that arise from the diges- 
tive vacuoles represent reserve -material ; there apperars to be no defaecation 
of indigestible residues. 

The nature and origin of the tentacles of acinetans have been much dis- 
cussed, and some authors have sought to derive them from cirri or cilia. 
vSehuberg (44) points out, however, that the structure of the tentacles is quite 
the opposite of that of the cilia ; in a cilium the axial portion is of firm con- 
sistence, the superficial layer is fluid, while in a tentacle the axis is fluid and 
the superficial sheath is of firm texture. Collin (877) considers that the pre- 
hensile tentacles are modifications or adaptations of a pseudopodium-like 
process; on the other hand, he regards the suctorial tentacles as organs of 
quite a ditTcrent kind, more like the cytostorne of a ciliatc than anything 
i4so ; they may be considered each as a cytostorne which has grown out from 
the body on a slender process or stalk (compare also Hickson, 82C). 

Ill correlation with their sedentary habits, tlie organization of tlie 
Acinetaria is greatly simplified as compared with the Ciliata, and 
the remarkable structural and functional differentiation of the 
ectoplasm seen in the Ciliata is wanting altogether in Acinetaria, 
in which the ectoplasm is relatively a feebly-developed layer. Con- 
tractile vacuoles are usually present, one or more in number. As 
in Ciliata, the macronucleus exhibits a great variety of forms. One 
of the most remarkable is seen in the colonial form Dendrosoma, 
where the macronucleus is branched to the same degree as the 
colony, throughout which it extends continuously. 

The methods of reproduction are more varied, and exhibit a 
greater specialization, in the Acinetaria than in the Ciliata. Simple 
binary fission in the adult condition is rare in acinetans. Collin (881 ) , 
however, has observed division into two or four within a cyst in 
Podophrya fixa. The fission usually takes the form of bud-forma- 
tion. ^ The buds may be formed either on the exterior of the liody 
or in the interior in special brood-cavities, and they may be pro- 
duced in either case singly and successively or in batches or relays 
of several at a time. The bud is usually a simple outgrowth of the 
cytoplasm containing a prolongation budded off from the macro- 
nucleus, and one of tlie daughter-nuclei derived from a division of 
the micronucleus. At first a simple cell without structural differ- 
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entiation, the bud is set free with a conii)Iete or partial coat of 
(^ilia as a free-swimming “embryo,” “larva,” “swarm-spore” 
(Schwclrmer), or “ gommula.” Tlie larva often becomes parasitic 
within the body of another Infusorian (Fig. 192), multiplying there 
•by binary fission. Finally it becomes free again, swims away, 
attaches itself in a suitable locality, and develops into the adult 
form. 

J he ciliated larvae of acinctans exhibit various types of ciliation, 
commonly classed as peritrichous (Fig. 193, A, B), holotrichous 
(Fig. 191, F), and hypotri(4ious. Collin (882) has studied recently 
the morphology of the different types of larvae. 



A B 


Fio. 192. — A and B, Slylonychia niytilus infested by parasitic Acinctans. N, N, 
Macronuclci of the Slylonychia ; P, parasitic Acinctan embryo from which 
arise small ciliated larvae (c.c) which swim off and develop into the adult 
free-living Acinctan. After Stein. 


The most primitive and commonest larval ty})c of larva amongst tho 
Acinetaria is very similar to a free-swimming stage of a Vortieellid. It has 
a principal axis round which tho body is radially symmetrit^al, with an upper 
IK)lc (posterior in movement) bearing a rudimentary adoral zone, and a lower 
(anterior) pole licaring a mas.s of secretion or a siickc;r, indicating tho future 
point of fixation and representing tho scopula of tho Vortieellid ; the body is 
surrounded by scvc'ral rings of cilia forming a zone more or less equatorial 
in |K)8ition. Such a form, while retaining its radiate symmetry, may Ix'.come 
either lengthened or shortciKid to a remarkable degree in tho direction of tho 
principal in the elongated forms the rings of cilia may increase in 

number until they cover the whole body, thus producing the holotrichous 
type. On the other hand, the body may become elongated in the morpho- 
logically transverse plane, and acquire a bilaUiral symmetry, with a dorsal 
surface representing the primitive upper polo and liearing the rudimentary 
adoral zone, and a ventral surface, with tho sucker in the middle of it. rcDre- 
siting the primitivo lower pole ; secondary anterior and postoriof extremities 
are now distinguishable in relation to progression, but representing opposite 
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points of the primitive transverse plane. In such a type the zones of cilia 
run obliquely along the sides of the body, or may bo confined to the ventral 
surface, whero they run a more or less elliptical course round the sucker, 
thus producing the hypotrichous type seen in Eyhelota gemm^para and in the 
persistent larval form Hypocoma acinetarum. Examples of holotrichous 
larvai are seen in Tocophtya hmbatd and Uttiula epistyhdis (Hickson and, 
Wadsworth, 88C). In all cases the principal or dorsiventral axis of the larva 
becomes the principal axis of the adult ; in the process of budding, however, 
the principal axis of the hud arises at right angles to that of the parent, accord- 
ing to Collin ; Filipjev, however, docs not confirm this for Tocophrya quadri- 
partita. . . 

The remarkable form Tachyhlmton described by Martin lives in the adult 
condition attached to the stalk of EpheloUt ; it produces buds each with a 
single tentacle, which creep up the stalk of the Ephelota and penetrate into 
the body, becoming parasitic in it and multiplying by fission to produce 
ciliated larvjc, which in their turn swim out, attach themselves to the stalk 
of the Ephelota, and become adult forms. 

The conjugation of the Acinetaria conforms in general to the 
type of the process seen in Ciliata, as regards cytological details. 
Conjugation may take place between two individuals fixed near 



Fio. 193. — Frcc-swimming larva of Dendrosoma radians. A, Side vciw ; B, vie wed 
from above ; G, older larva with tho first rudiments of the tentacles beginning 
to appear. After Hickson and Wadsworth (886). 

together (Fig. 190, G) ; then a lobe or outgrowth may be formed 
from one individual, which meets a similar outgrowth from tlie 
other, thus establishing contact. On the other hand, as in Peri- 
tricha, conjugation may take place between a fixed, ordinary indi- 
vidual and a free-swimming bud or larva liberated from another 
adult individual (Martin ; Collin, 879). In Dendrocometes the 
macronuclei come into contact during conjugation, but separahi 
again (Hickson and Wadsworth). 

Classification.— The Acinetaria are divisible into eight families {cj- 
DoflCin, 7). , 

1. Hypocomidee, for the single, somewhat aberrant genus Hypocoma, whic*^ 
is free-swimming, ciliated on one surface, and with a single suctorial tentacle— 
possibly a persistent larval form (see Collin, 877). 

2. UrniUidce. — With or without a house, with one or few tentacles. Bhyn- 

chela, UrnvJa{¥ig. 191). , , 

3. Meiacinetidce.— With, a stalked house opening at the upper end for tno 
exit of the tentacles. Metacineta. 
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4. PotfopArytdcB.— Stalked or sessile, with no house and with numerous 
tentacles. Sphcerophrya, Podophrya (Fig. 190), Ephdota. 

6. Acinetidm. — Stalked or sessile, with a house of simple form and wide 
aperture, and with numerous tentacles, all knobbed. Tocophrya (Fig. 190), , 
Acineta (Fig. 10). 

6. Dendrosomidce {Trichophryidce). — Sessile, without a house ; tentacles 
•knobbed, arranged in tufts or branches. Trichophrya, Dendrosoma, Lernceo- 
phrya (Perez), Rhabdophrya (Chatton and Collin), Aslrophrya (Awerinzew). 

7. Dendrocometidw. — Flat forms with numerous branched arms on the ends 
of which the suckers occur. Dendrocomeies. 

8. Ophryodmdridce. — Marino stalked forms with numerous short tentacles 
concentrated on proboscis-like processes. Vermiform individuals also occur 
(p. 455). Ophryodendron. 

Affiniiie.'i of the Acinetaria.—Tha presence of cilia in the young stages, the 
possession of distinct vegetative macronuclei and generative micronuclei, and 
the process of conjugation, similar in all essential details to tliat of the Ciliata, 
can leave no doubt as to the position of the Acinetaria in the class Infusoria, 
and their affinities with the Ciliata. Collin, in a scries of interesting studies, 
has drawn attention to many points indicating a close relationship between 
Acinetaria and Vorticellids, more especially the structural homologies between 
the larvae of the one and the free-swimming stages of the other group ; for 
example, the peritrichous arrangement of the cilia, the rudimentary adoral zone 
at the posterior pole, and the fixation by means of a sco pula like organ at the 
anterior pole, points especially well seen in the larva of Tocophyra cyelopum. 


Bibliography . — For references see p. 502. 



CHAPTER XVIII 


AFFINITIES AND CLASSIFICATION OF THE MAIN 
SUBDIVISIONS^-DOUBTFUL GROUPS 

In tlio foregoing chapters the Protozoa have been dealt with 
systematically, grouped in a somewhat conservative manner under 
the four old-established and generally-recognized classes. At the 
same time it has been pointed out that one class at least — namely, 
the exclusively-parasitic Sporozoa — comprises two subclasses whicli 
are quite distinct from one another, and are descended, in all 
probability, from ancestors differing greatly in characters and 
affinities. And in the case of the three remaining classes, con- 
sisting mainly of free-living, non-parasitic forms, two which exhibit 
more primitive cliaracters — namely, the Sarcodina and Mastigophora 
— are connected with one another by transitional forms which 
render the distinction between them very arbitrary (p. 213) ; while 
the third, the highly-specialized Infusoria, are linked closely by 
structural characters and by transitional forms to the Mastigophora. 

Many authorities on the Protozoa have put forward schemes of 
classification which arc intended to express the Jiffinities and int(U‘- 
relationships of the chief groups in a clearer and more satisfactory 
manner than the fourfold classification generally recognized. The 
systems proposed have taken the form cither of subdividing tlu^ 
Protozoa into more than four classes or of uniting the recognized 
subdivisions into a smaller number of categories. 

Rolleston and Jackson (15) divide the Protozoa as a whole into three groups : 
(1) the Rhizopoda { =Sarcodina) ; (2) the Endoparasita (=Sporozoa); and 
(3) the Plegepoda, “ referring to their mode of progression by means of a 
rapidly - roixjated stroke {nXriy^) of vibratile processes,” to comprise tho 
Mastigophora and Infusoria. 

Doflein (891 ) recognizes two principal stems in the Protozoan phylum : 
(1) tho Plasmodroma, to include the Sarcodina, Mastigophora, and Sporozoa, 
organisms that make use of locomotor organs which represent true pseudo- 
poditx*, or their derivatives or modifications ; and (2) tho Ciliophora, comprising 
the Ciliata and Suctoria, in which tho locomotor organelloe are cilia. Tho 
obvious criticism of this scheme is that, whatever opinion may bo held as 1') 
the desirability of drawing a lino between the Infusoria, so highly specialized in 
many respects, and other Protozoa, tho distinctive character chosen is not a 
happy one, since whatever may be predicated of flagella as derivatives of pseu- 
dopodia appKos, apparently, with equal force to cilia. 

462 
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Hartmaiin (892) recognizes six classes of the Protozoa : Class L, the Sarco* 
dina, including four subclasses — namely, Rhizopoda, Heliozoa, Radiolarin, 
and Mycetozoa ; Class IL, the Cnidosporidia, including Microsporidia, Sarco- 
sporidia, Myxosporidia, and Actinomyxidia ; Class III., the Mastigophora, 
including the Rbizomastigina, Protomonad ina, Bimicleata, Chronioinonadina, * 
Euglenoid('a, and Phytonionadina, thci order Binuclcata including the Hauno- 
llagcllatcs and the Ilicmosporidia with the exception of the Ini'inogrt^garincs ; 

* Class IV., the Tclosporidia, including the gregarinos, coccidia, ami luemo- 
grcgarincs ; Class V., the Trichonymphida ; Class VI., Iho Infusoria. With 
regard to this classification, the order Binuclcata has h('cn dealt with at 
length above ; it only remains to say that the isolated position given to the 
Tri(!honymphida apjKvirs to (express tlu; defective state of knowledge con- 
cerning the aflinities of these peculiar parasite.s, rather than their true taxo- 
nomic importance. 

A number of radical changes in iho classification of the Protozoa are pro- 
posed by Awerinzew (890). With Hartmann he unites the HiemoHagollates 
and Hjcmosporidia in an order Bijiucleata to bo placed in the Flagollata. 
The class Sporozoa is to bo (uitircly abolished. Tlie ordc^r Amo'bina 
(Aimeb.Ta) is removed by him entirely from, the Sarcodina, which will tlnm 
comprise only the Foraminifera and some Heliozoa. The Ameebinaaro fo be 
put with the Flagollata as tlie Ammbotlagcllata, a group from which all other 
Protozoa arc supposed to have arisen, and from which the Ama'bina branch 
off in one direction, the FIag(‘llata and Dinollageliata in another. The gro 
garines aro believed by Awerinzew to bo connected on tho one side with tlio 
Amcebina, on the other with iho Coccidia. In tho Noosporidia, tlie Sarco- 
sporidia arc regarded as allied to Flagollata ; tho Myxosporidia, Microsporidia, 
and Actinomyxidia, aro considered not to bo Protozoa at all ; tho TIaplo- 
sporidia arc; to bo placed provisionally as an indoiM?ndent group taking origin 
from Aimcbina. i\)r tho Infusoria, it is suggiistod that they fako origin from 
ama-boflagcllato ancestors rather than from true Flagollata, 

Tlio object of what is termed a natural as opposed to an artificial 
system of clas.sification is to endeavour to express by the arrange- 
ment of the groui)s the affinities of the living organisms concerned, 
and more especially the genetic relationships of one to another on 
the theory of evolution— that is to say, on the assumption or belief 
that forms now existing are descended from older anc(istral forms, 
and that any two existing forms arc descended from a common 
ancestral form more or less remote, according as the two existing 
forms in question have diverged more or less widely from one another. 
The foundation of a natural classification is therefore tlie fhylogcny 
of the groups dealt with — that is to say, their pedigrees and lines 
of descent, so far as they can be traced. Phylogeny must, however, 
always be a matter of speculation, and to a largo extent of personal 
opinion, rather than of direct observation. It is only possible to 
infer from tho study of existing species what the ancestral forms 
may have been like, since it is unnecessary to point out that no 
form can be the ancestor of another species existing at the same 
time. Tho most that can be said of two co-existing species is 
that one of them may be believed to have diverged much less in 
its characters from the common ancestral form than the other. 
When, therefore, a given form is said to have an amoebic or a cer- 
comonad ancestry, it is not intended to imply by tha^ statement 



464 


THE PROTOZOA 


that the ancestor was Amoeba froteus or Cercomonas crassicauda, 
but only that it was a form such that, if it existed at the present 
day, it would be referred by its characters to the genus Amoeba or 
Cercomonas, as the case might be. 

The data for drawing phylogenetic conclusions in Protozoa con- 
sist entirely of comparisons between the structure and life-history 
of the various existing forms. Palaeontology gives no assistance, 
since only skeletons are preserved as fossils. All that can bo 
learned from the geological record is that the differentiation of the 
main groups must have taken place at an immeasurably remote 
period of the earth’s history, since skeletons of Foraminifera and 
Radiolaria — groups of which the structure and life-history indicate 
a long pedigree — are found in the earliest fossiliferous strata. It is 
little wonder, therefore, that the phylogeny of the Protozoa is a 
subject on which the most o'pposito opinions are held, as is apparent 
from the classificatory systems cited above. There can be no 
finality in a phylogenetic theory, nor, consequently, in any scheme 
of classification put forward. Both the one and the other express 
merely the state of current knowledge, and may bo expected to 
undergo modification as knowledge advances. 

It is impossible to discuss here at length the phylogeny and 
classification of the Protozoa, and only a few guiding principles 
can be put forward. From a general survey of the phylum, it may 
bo claimed first of all that the Protozoa constitute a compact group 
with definite characters, not a more receptacle into which can be 
put anything and everything of microscopic dimensions which is 
not a bacterium, a fungus, or a parasitic worm, as some writers 
seem to tliink. Common to all Protozoa in at least the principal 
stages of the life-cycle is the differentiation of the body into distinct 
nucleus and cytoplasm — that is to say, the possession of that typo 
of organization to which I have proposed to restrict the application 
of the term cell. Doubtless there are, or have been, transitions 
from this type to the simpler grade of organization characteristic 
of the bacteria and allied organisms, but such transitions must be 
sought for outside the phylum Protozoa. 

The essential unity and homogeneity underlying the innumerable 
differentiations of form and structure in the Protozoa may be taken 
to mean that the phylum as a whole is descended from a common 
ancestral form, and the first problem is, then, to attempt to form 
some notion of what the ancestor was like. In dealing with the 
more specialized forms, such as those constituting the Infusoria or 
the two principal subdivisions of the Sporozoa, it has been pointed 
out that each group appears to be derived either from flagellate or 
sarcodine ancestors. In reviewing the Mastigophora and Sarcodina, 
it was furfj|her pointed out that, greatly as the typical representa- 
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tives of the two classes may differ, tlicrc are forms of which the 
systematic position is quite arbitrary. In such a form as Psexdo- 
spora, it becomes almost purely a matter of opinion or taste wliich ^ 
pJiase of the life-cycle is to be regarded as tlie “ adult ” form 
^determining the class in which the genus is to be placed. 

TJius, all patlis of evolution in Protozoa appear to lead back- 
wards to one or tlic other of tlie two forms that occur so frecpiently 
in the actual development as the earliest phases — tlie amcebula 
and the tlagellula. Most of those who liave speculated on tlie 
phylogeny of the Protozoa have, consequently, regarded the an- 
cestral form of tlie phylum as one combining ammboid and flagellate 
characters. Biitschli (2) considered that the Khizomastigina re- 
present more nearly than any other existing group the primitive 
type of Protozoon. Since then, how.ever, the life-cycle of the 
mastigammba} has been studied, and it is seen that the adult 
amceboid form is preceded in development by a simpler monad 
form (p. 266, Fig. 112), which makes it very doubtful if the mastig- 
animba itself can be taken as a primitive type. Awerinzew (890) 
also regards an “ amceboflagellate ” type as the primitive stock 
of Protozoa, which gave rise to all existing groups, and became 
differentiated into the Amcebina on the one hand, the Flagellata 
on the other. 

If an organism possesses two kinds of locomotor organs — i)seudo- 
podia and flagella — it is reasonable to suppose that a still more 
primitive and ancestral form would have possessed only one of 
these two kinds of organs. It has been seen that there is a gradual 
transition from pseudopodia to flagella, the intermediate typo of 
organ being a ijscudopodium (axopodium) with a firm, rigid, or 
elastic secreted axis. The question then arises. Which end of the 
series is to bo put first, the flagellum or the pseudopodium ? Inas- 
much as flagella are found commonly in bacteria, it might be argued 
that they represent the most primitive type of locomotor organella, 
and that a simple flagellate monad would represent most nearly the 
ancestral type of organization in Protozoa. Then it must be sup- 
posed that the formation of pseudopodia is a secondary character, 
acquired by the ancestral form, and the pseudopodia themselves 
would represent either simple outgrowths of the naked body (lobo- 
podia) or modifications of flagella (axo podia). 

Having regard, however, to the manner in which flagella them- 
selves arise — as simple outgrowths from the body — and to the fact 
that their structure and mode of action are apparently of a much 
more specialized type than those of pseudopodia, the conclusion 
seems irresistible that pseudopodia preceded flagella in evolution. 
We may, then, regard as the most ancestral type in the Protozoa 
a minute amoebula-form, in structure a true cell, with imcleus and 
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cytoplasm distinct, which moved by means of pscudopodia ; but 
it must bo supposed that some of the pseudopodia very soon under- 
went modifications whicli resulted in the acquisition of true flagella, 
and thus arose at a very early stage of evolution the flagclhila or 
monad-form. In all probability these earliest monads were forms 
with an amceboid body, most nearly represented at the present 
day by such forms as Cercomonas (Fig. 114) or the flagellulse of 
Mycetozoa (Fig. 98). From such forms arose the Sarcodina and 
their derivatives (Neosporidia) by loss of flagella and specialization 
of the amoeboid form in the adult, and the Mastigophora and their 
derivatives (Telosporidia, Infusoria) by specialization of the flagellar 
apparatus combined with the acquisition of a cortex and loss of 
amceboid movement. 

If the foregoing phylogenetic speculations be accei)ted, it is clear 
that in a natural classification of the Protozoa the Sporozoa must 
be abolished as a class, and the two groups comprised in them 
must either be raised to the rank of independent classes or dis- 
tributed amongst the others — the Telosporidia placed near the 
Mastigophora, the Neosporidia near the Sarcodina. The primary 
subdivision of the Protozoa, if it is to represent the first branching 
of the ancestral stem, should be one which places on one side the 
Mastigophora, Telosporidia (better Rhabdogeniae), and Infusoria, 
on the other the Sarcodina and Neosporidia (better Amoebogenhe). 
Beyond this point it is scarcely profitable at the present time to push 
phylogenetic speculations farther. 

In conclusion, two groups of organisms require brief mention — 
the Spirocha3tes and the Chlamydozoa — since by many authorities 
they have been referred to a position in or near the Protozoa. 

The SpiRocHiETEs. 

Under the name “ spirochaetes ” are grouped a number of or- 
ganisms, free-living or parasitic, with flexible bodies of slender, 
thread-like form, concerning the nature and systematic position of 
which a great deal of confusion lias existed of recent years, due 
chiefly to conflicting statements with regard to the facts of their 
structure and methods of reproduction. The group comprises five 
principal types, regarded each as of generic rank : 

1. Spirochceta sens, strict.^ a name given by Ehrenberg in 1833 
to sk relatively large, free-living form, S. plicaiilis. Other species 
of the genus have been dcseribed. For a full account, see Zuelzer 
(904). 

2. Cristispira, a name proposed by Gross (897) for a number of 
species parasitic in the digestive tract or crystalline style of Lamelli- 
branch mol|uscs, and characterized by the possession of a crest or 



CLASSIFICATION OF THE MAIN SUBDIVISIONS 467 

ridge, commonly but Avrongly termed an “ undulating membrane,” 
running the length of the body. The typo of the genus is G. hal- 
hianiiy originally named by Certes Trypanosoma balbianiiy from the* 
crystalline style of the oyster. 

, 3. Saprospira, Gross (898), for free-living, saprophytic forms 

similar in structure to Crisiispira, but without the crest. 

4. Spiroschaudinnia, the name proposed by Sambon for the 
many species of minute spirochsetes parasitic in the blood of verte- 
brates and in various invertebrates. Sucli are S. recurrentis 
'{-oberrneieri), parasite of human relapsing fever; JS. dutloni, 
parasite of African relapsing fever ; S. gallinarum of fowls ; iS. 
anserina of geese ; and numerous other species from various hosts. 
In structure the body of these species ai)pears to bo little, if any- 
thing, more than a flexible thread of ohromatin ; but the develop- 
ment indicates rather that, as in the genus Cristispira, the interior of 
the body is divided into minute segments or chambers. The species 
parasitic in blood are transmitted by the agency of blood-sucking 
arthropods. S, dutto7ii, for example, is transmitted by a tick- • 
OrnitJbodoros moubala — which lives in the mud-floors of huts or in 
the soil in spots where caravans camp habitually. The spirochuetes 
arc taken up from human blood by the adult ticks, and pass through 
the egg into the next generation of nymphs,* which transmit the 
infection to human beings. 

5, Treponema, the name proposed by Schaudinn for T. pallidum, 
the spirochaete of syphihs discovered by him. A second species — 
T. pertenue, the parasite of yaws (framboesia) — is also recognized. 
Structurally this type is very similar to the last. 

Some authors— for instance, Gross (899) and Dobell (895) — consider thiit 
there is “ no valid reason for drawing a generic distinction between Treyonema 
pdlidutn and such forms as Spirochoeia' recurrentis, etc.” Gross combines 
Types 4 and 5 under the name Spironema proposed by Vuillernin; but 
since this name is preoccupied, Dobell places them together in Schaudinn’s 
genus Treponema. 

The forms parasitic in the blood of human beings and other vertebrates 
were generally regarded as Bacteria of the genus Spirillum, or at least of the 
section Spirillacea, until quite recent years, and the diseases caused by them 
were spoken of as spirilloses. The chief points of difference between the 
spirilla of relapsing fevers and those of the ordinary typo were the flexibility 
of the body in the former and the failure to grow them in cultures. The con- 
fusion prevailing at present originated with Schaudinn’s famous memoir on 
the blood-parasites of the Little Owl (132). While, on the one hand, it is to 
Schaudinn’s credit to have recognized the affinities of the parasitic “ spirilla ” 
to Ehrenberg’s free-living genus Spirochceta he was, on the other hand, misled 
by the superficial resemblance between spirochectes and certain small, slender 
forms of trypanosomes, which again he connected, quite erroneously, with 
the life-cycle of Leucocylozoon (see p. 370). Schaudiim therefore regarded 
the spirochsetes as Protozoa allied to trypanosomes, and endeavoured to 
prove a similar type of organization in both classes of organisms : a nuclear 

• The six-legged larval stage is suppressed— that is to say, passad through in 
the egg — in this species of tick. 
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apparatus with kinotonuclcus and irophonuclous, and a locomotor apparatus 
with flagellum and undulating membrane. Schaudinn further constructed 
a hypothetical form of “ Urluemoflagcllat ” connecting the spirochoete and 
* trypanosome type of organiztition ; he put forward the suggestion (903) that 
“ as the general structural plan of a trypanosome (nuclear and locomotor 
apparatus) may be found realized in various groups of Protozoa as a transitory 
developmental condition (comparable somewhat to the gastrula-condition 
in the Metazoa), so also the spirochteto may crop up occasionally as a morpho- 
logical tyiX 3 in the development of Protozoa, and as a developmental stage 
may indicate to us phylogenetic ndations.” 

Schaudinn lived long enough, fortunately, to retract many of his state 
ments with regard to the structure of spirochfetes, and acknowledged that tlie 
trypanosomo-tytx) of structum was not to bo matic out in the minute parasitic 
spirocha'tcs. Nevertheless, since his time the investigators of tluise organisms 
have been divided into two cami)s~thoso who hold fast to Schaudinn’s theory 
of the spirocha'tcs as Protozoa, and those who class them with Bacteria, 
resiXictively ; it being giuicrally assumed, for some unknown reason, that it 
they are not Protozoa they mu^t be Bacteria, or vice verm. A third set of 
authorities compromise by placing the spirocha'tcs in an intermediate positiou 
between the two groups. 

In considering the question of the aflinities of the spirocha'tcs, attent ion 
has been directed not only to their structure, but also to their life-history ; 
and a hot controversy has raged with regard to their mode of lission, whetlier 
it takes place longitudinally, as in a trypanosome, or transversely, as in a 
bacterium. Investigators contradict each other tlatly with rt'gard to tliis 
point; but from the most recent investigations it seems probable, at least, 
that the division is always transverse’), and that the apix>arance of longitudinal 
division is due to the ixjculiar method of “ incurvation’’ descril)ed by Gross 
(Fig. 194). A spirochietc about to divide grows greatly in length, and one 
end of the body doubles back on itself, continuing to do so until the recurved 
limb of the body is of the same length as the remainder ; the two halves twist 
round each other and produce an appearance which may bo mistaken easily 
for longitudinal fission ; but the actual division of the body takes place at the 
point whore it is bent over, and is transverse. 

With regard to the development, nothing has been found in the least con- 
firmatory of Schaudinn’s statements with regard to “ Spirochaia ziemanni,'' 
with the sole exception of the statements of Krzysztalowicz and Siodlecki (901), 
who profess to have seen trypanosome-stages in the development of Treponmn 
pallidum ; but their statements are entirely unconfirmed by other investi- 
gators. Of a very opposite tyix) are the statements of Leishman (902) witii 
regard to the development of *S'. duttoni in the tick. The spirochado appears 
to break up into minute masses of chromatin, “ coccoid granules,” in the 
ova and tissue-cells of the tick. The coccoid granules appear to develop into 
spirochactes again. 

The observations of Leishman have recently been fully confirmed by the in- 
vestigations on the development of SpiroscJiaudinnia gallinarum published by 
Hindle (900)j who gives a useful diagram of the entire life-history. Bosanquet 
(894) also observed the formation of coccoid bodies in Cristispira anodonlo' 
by the segmentation of the elongated body into a number of coccoid bodii s^ 
like a string of beads. A development of this ty|X) suggests very strongly 
affinities with bacteria, but none whatever with Protozoa of any class. Tlic 
coccoid grains may bo compared with the spore -format ion in bacteria, and 
with that described by Gross (898) in ^aprospira grandis. In all cases, througli- 
out the series of living beings, wherever an organism exhibits in its fully- 
developed “ adult ” stage peculiarities of a special kind, it is above all to 
the early developmental forms that the naturalist turns for indications of tlio 
true affinities of the organism in question. 

Recently the structure of spirochaites has been studied carefully by Gi;oss 
(897, 898), Zuelzcir (904), and Dobell (895), by means of proper cytologioal 
methods of technique. The results show a complete ditferenco in every 
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respect between spirochcetos and trypanosomes and otlier flagellates. In the 
words of Dobell, “ the nuclear and cytoplasmic structures an^ wholly ditTerent ; 
a trypanosome has a tlagtdlnm, a spirochmte has none; the crista is not an 
undulating membrane ; the cell-membranes are not similar ; aiid, moreover,* 
the nu'thod of division is quite ditTerent in the two organisms.” 

Doflein (7) placo.s tho spiroch.Tto.s as a group naniod the Pro- 
flag('llata, supposed to bo transitional from bacteria to flagellates. 
Ziud/.er (904) takes a similar view, rejecting, how'cver, any affinity 
betw'oen spiroeluetes and Hartmann’s “ Binueleata.” Awerinzew 
(890) puts forward the nunarkabhi suggestion that tho Flagellata 
“ pass on into ditTerent Binueleata, and end with tho {^yiracJimta 



Fia. 194. — Stages in the division of CrisUspira pcctinis. A, B, Two successive 
stages of the incurvation ; 0, incurvation complete ; D, division of tho body 
at the point where it is bent back ; E, F, separation of the two daughtcr- 
spirocluetcs. After Gross (897). 

(sfc),” from which it would appear that ho regards the spiroehsetes 
as the last product of the line of evolution that produced the 
trypanosomes and allied forms. 

For the various reasons that have been set forth above, it appears 
impossible to include the spirochoetes any longer in the Protozoa. 
Dobell regards them as “ an independent group of unicellular 
organisms which show very little affinity to any other group.” 
Gross, on the other hand, considers that the Spironemacea — i,e., 
the genera Cristispira, Saprospira, and Spironema, in the sense in 
which this genus is understood by him (see above) — form a family 
which can bo ranked in the bacteria, but which is related to tho 
Cyanophyceae, especially the Oscillatoriae. 
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The Chlamydozoa. 

, The name Chlamydozoa of Provvazek (Strongyloplasmata, Lip- 
schiitz) was proposed in order to include in the first place a class of 
highly problematic organisms believed to be the causes of certain „ 
diseases of man or animals. It is not yet certain exactly wliat 
diseases are to be referred to Chlamydozoa. According to Hart- 
mann (909), undoubted chlamydozoal diseases are vaccinia and 
variola, trachoma, and molluscum contagiosum, amongst human 
beings, and in birds epithelioma contagiosum and diphtheria. 
Further diseases probably attributable to Chlamydozoa are liydro- 
pliobia, scarlet fever, measles, foot-and-moutli disease of animals, 
and “ Gelbsucht ” of silkworms. In all these diseases the virus has 
certain common properties, .while exhibiting specific peculiarities 
in each case. It can pass through ordinary bacterial filters witliout 
losing its virulence, and it produces characteristic reaction-products 
or cell-inclusions in the infected cell. 

In order to understand why tliese organisms should be men- 
tioned in a book dealing with Protozoa, the subject is best dealt 
with in an historical manner. The advances in the knowledge of 
the diseases mentioned may be summarized briefly in four principal 
stages : 

1. Various investigators at different times have made known the 
existence of peculiar cell-inclusions in the infected cells in a certain 
class of diseases, inclusions which have been known by the names 
of their discoverers — for instance, in trachoma (Prowazek’s bodies), 
vaccinia (Guarnieri’s bodies), scarlet fever (Mallory’s bodies), 
hydrophobia (Negri’s bodies), etc. 

2. By many investigators the characteristic cell-inclusions were 
identified as the actual parasitic organisms causing the disease. 
They received zoological names, were referred to a definite position 
in the ranks of the Protozoa, and attempts were made to work out 
and construct a developmental cycle for them. The supposed 
parasites of molluscum contagiosum were referred to the coccidia ; 
those of vaccinia and variola were given the name Cyioryctes ; of 
hydrophobia, Neuroryctes ; of scarlet fever, Gyclasterium. 

Calkins (908) studied in great detail the cell-inclusions of vaccine 
and smallpox, and described a complete developmental cycle, in its 
main outlines as follows : The primary infection is brought about, 
protably, at some spot on the mucous membrane of the respiratory 
or buccal passages by air-bome germs (spores). After active pro- 
liferation at the seat of the primary infection, the parasites are 
carried to all parts of the body in the circulation, probably during 
the initial fever. These two early phases are hypothetical. The 
third Jphase 48 the appearance of the parasites in the cells of the 
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stratified epithelium of the epidermis. In this situation tliey run 
through two cycles — the one cytoplasmic, the other intranuclear. 
The first is the vaccine-cycle, and is the only part of the dcvclop-t 
ment of which the harmless vaccine-organism is capable ; the 
» variola-organism, however, after passing through a vaccine-cycle, 
proceeds to the extremely pathogenic intranuclear cycle. 

The vaccine-cycle, according to Calkins, begins with the appear- 
ance of “ gemmules ” in the cytoplasm of the cells affected. Each 
gemmule is a minute grain of chromatin without cytoplasm of its 
own at first, but as it grows a cytoplasmic body is formed. When 
full-gro^m, the parasite sporulates by fragmentation of its nucleus 
into a great number of grains, which, as gemmules, pass into other 
cells and repeat the development already described. Several 
generations of this typo may succeed each otlua* before giving rise 
to the next type. 

The intranuclear variola-cycle begins in the same way with 
gemmules, which, however, penetrate into the nucleus, and develop 
a cytoplasmic body. According to Calkins, they become sexually 
differentiated, and produce gametes which conjugate. The final 
result is the production of numerous spores, which arc probably the 
means of spreading the infection. 

Calkins referred Gytoryctes to the Microsporidia. Now, however, 
he inclines to the opinion that the genus should be placed amongst 
the Rhizopods (4). 

Negri (910) also describes a developmental cycle for Neuroryctes 
hydro'phobice, which ho regards as a true Protozoon, and which 
Calkins refers also to the Rhizopoda. Siegel (914) describes under 
the name Cytorhyctes organisms of a typo perfectly different from 
those described by Calkins. He distinguishes four species — Cyto- 
rhyctes vaccinice of vaccine and smallpox, C. luis of syphilis, G, scarla- 
tince of scarlet fever, and G. afhlharum of foot-and-mouth disease. 

3. The parasitic life-cycles described by Calkins and others have 
been criticized by a number of investigators, who have maintained 
that the bodies in question are not Protozoa, nor even independent 
living organisms at all, but merely degeneration-products of the cell 
itself, provoked by a virus yet to be found. Thus, with regard to 
Guamieri’s bodies (Gytoryctes) of vaccine, it is maintained % Foa, 
Prowazek, and others, that they consist of nucleolar substance 
(plastin) extruded from the nucleus ; that they have no definite 
developmental cycle ; and that infection can be produced by lymph 
in which Guamieri’s bodies have been destroyed, or by tissue in 
which they are not present. With regard to the Negri bodies, 
Acton and Harvey (906) come to the same conclusions, and state 
that similar nucleolar extmsions can be brought about also by 
other stimuli than the rabies- virus. • 
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4. The foregoing sceptical phase has been succeeded by the positive 
belief that the true parasitic organism in those diseases consists of 
’Certain minute bodies — the Chlamydozoa or strongyloplasms.* 

Tlie chief cliaracteristics of the (yhlamydozoa, according to 
Prowazek and Lipseliiitz (913), are, first, tlieir minute size, smaller 
than any bacteria hitherto known, enabling them to pass the 
ordinary bacterial filters ; secondly, that they develop witliin cells, 
in the cytoplasm or nucleus, and produce characteristic reaction- 
products and enclosures of the cell (their position within the cell 
is not the result of phagocytosis) ; thirdly, that they pass through 
a series of developmental stages, and arc specially characterized by 
their mode of division, whkdi is not a simple process of splitting, 
as in bacteria, but is effected witli formation of a dumb-bell-shaped 
figure, as in the division of* a centriole. Two dots are seen con- 
nected by a fine lino like a centrodesmose, which becomes drawn out 
until it snaps across the middk^, and its two halves are then re- 
tracted into the body. Chlamydozoa have not yet been grown 
successfully in cultures, but infections can bo produced with pure 
colloid-filtrates, free from bacteria, but containing the minute 
bodies themselves. They are characteristically parasites of epi- 
blastic cells and tissues. 

As an example of the development of a chlamydozoon may be 
taken that of the va(!(une- virus, which, according to Prowazek (913) 
and Hartmann (909), is briefly as follows : 

1. The infection begins and ends with numerous “elementary 
corpuscles ” (gemmiiles of Calkins ?), which occur both within and 
amongst the cells. They are very minute, and can pass bacterial filters. 

2. Within the cells the elementary corpuscles grow into the 
larger “ initial bodies.” 

3. The infected cell extrudes nucleolar substance—plastin— from 

its nucleus, which envelops the parasites as in a mantle (hence the 
name Chlamydozoa, from a mantle), thus producing in the 

case of vaccine the characteristic Guarnieri’s bodies, in which the 
parasites multiply. It is this mantle of nucleolar substance, 
apparently, which represents the “ cytoplasm ” of Cytoryctes, as 
described by Calkins. 

* The name Chlamydozoa, as denoting a class of microscopic organisms, must 
on no account be confused with the names Cytoryctes, Neuroryctes, etc., which 
re)'r©8ent the generic names of the supposed parasites of variola and rabies ro- 
spectivcly. To those who regard Cytoryctes, etc., as true organisms, the Chlamydo- 
zoa are merely chivmidia or dots of chromatin in the body of the parasite ; to 
those who believe in the Chlamydozoa as complete organisms, Cytoryctes, etc., 
are cell-inclusions or degeneration-products of the nucleus. The conceptions 
implied in the words Chlamydozoa and Cytoryctes respectively are antagonistic 
and mutually destructive ; if the one is a reality, the other is non-existent. It is 
altogether incorrect to speak of Cytoryctes, Neuroryctes, etc., as genera of Chlamy- 
dozoa. 
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4. Finally, the Giiarnieri’s body breaks up, and the cell becomes 
full of initial corpuscles, which divide up in their turn into numerous 
elementary eorpusedes, and the cycle is comjilcte. » 

^ An intorostinp; problem, from both tho medical and biological points of 
view, is that of the relation of the organism of vaccinia (cow-pox) to that of 
variola (small pox). It is well hnown that an inoculation with vaccine-lymph 
(vaccitiation) produces a transitory local disturbance which confers partial 
immunity against infection with variola. It does not seem to bo (piite clear 
whether the organisms of vaccinia and variola are to be regarded as two 
distinct species or as two phases or conditions of the same species of or- 
ganism; tho latter is the view of Calkins, as stated above. Manson has 
suggested {Brit. Mrd. Journ., 1905, ii., p. 1263) that tho relationship between 
tho organisms of vaccinia and variola may be similar to that between 
Leistlimania tropica, of Oriental Sore, and L. donovani, of Kala-azar. No 
evidence has been brought forward as yet, however, to show that an infection 
with Oriental Sore confers any immunity agg-inst Kala-azar. 

Tho Chlamydozoa liavo boon most studied in tlioso oases wlioro 
thoir power of producing disease has forced them upon tho atten- 
tion of medical investigators, but it is not to be supposed that as a 
group of organisms they occur sohdy as parasitt^s of Jiiglier animals. 
It is probable that they are of widespread octuirronce, and that the 
peculiar nuclear parasite of A7nceha known as Nucleophmja, Dan- 
geard, for instaiK^e, should bo r(‘fcrred to the Chlamydozoa (com- 
pare Schepotieff, 269), and perhaps also tho similar parasite of 
Paramecium, described by Calkins under the name Caryoryctes. 
No Cldamydozoa are known, however, to occur as free-living, non- 
parasitic! organisms, but this circumstance may be due to their 
extreme minuteness ; the si)ecies known owe their detection to the 
disturbances they cause in their hosts. Finally, it must be men- 
tioned that the parasitic theory of cancer, sometimes thought to bo 
long since defunct, has been revived recently by Awerinzew (907), 
who is of opinion that cancer is caused by intranuclear parasites of 
the nature of Chlamydozoa. 

Such, briefly summarized, is the present position of the problem. 
Future research must decide tho truth or falsity of one or the 
other of the solutions that have been advocated. It only remains 
to discuss briefly tlie nature of the Chlamydozoa, if the interpreta- 
tion of Prowazek and his adherents be accepted. According to 
Prowazek and Lipschiitz (913), the Chlamydozoa belong neither to 
the Bacteria nor to the Protozoa. Hartmann (909), however, seems 
to consider that their development and their characteristic mode of 
division are Protozoan characteristics. Tho “ development,” how- 
ever, seems to consist of little, if anything, more than growth in size. 
As “elementary corpuscles” they are smaller, as “initial bodies” 
larger. The dumb-bell-shaped figure seen in division, may mean 
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simply that their substance is of a viscid or semifluid nature, and 
that tlicir bodies are not limited by a membrane ; consequently, 
,when the two lialves travel apart in the process of division, th(^ 
substance of the body is drawn out into a connecting thread until 
its surface tension overcomes its cohesion. On the other liand, #> 
tliey exhibit nothing of cell-structure or of any other characteristics 
which indicate any afflnity to the Protozoa. Their type of organiza- 
tion seems to be the simplest possible in a living body — a mere 
grain of chromatin without cytoplasm, and without a membrane 
or envelope of any kind. In the latter respect they appear to be 
of a simpler type of organization tlian any bacterium, and perhaps 
represent more nearly than any other known organism the simplest 
possible form of living being. 


Bibliography . — For references see p. 504 


Ite domum, saturce, venit Hesperus, ite capellce. 



BIBLIOGRAPHY 


The references to literature are numbered consecutively, hut are grouped according 
to the chapters. 

An asterisk {*) attached to a reference indicates that the work vi question cofitains 
full references to the previous literature of the subject. 

Memoirs in which only new species are described are not cited, unless there is some 
special reason for doing so. All new species are recorded in the “ Zoological 
Record,'^ published annually by the Zoological Society of London ; the last volume 
jmhlished up to date is that for 1910; the volume for 1911 will appear towards 
the end of 1912. 

The titles of the subject-matter of articles are in many cases not given verbatim, but 
in abbreviated form. 

The abbreviations employed for the titles of periodicals are given below. {In other 
cases the tides of periodiads are abbreviated in a manner which does not require 
special explanation.) 


A.i.ap. 

A.I.P. 

A.K.O.A. 

A.P.K. 

A.S.T.H. 

A. T.M.P. 

A. Z.E. 

B, A.S.C. 

B.B. 

B.C. 

B. LP. 
B.S.P.E. 

B. S.Z.E. 
O.B.B.P.K. 

C. R.A.S. 

C.R.S.B. 

J.E.M. 

J.E.Z. 

J.H. 

J.L.S. 

M.I.O.C. 

P.R.S. 

Py. 

P.Z.S. 

Q.J.M.S. 

S.B.A.B. 

S.B.G.B. 

S.B.G.M.P. 

S.M.L 

V.D.Z.G. 

Z.A. 

Z.a.P. 

Z.H. 

Z.W.Z. 


Arohivos do Institute Bacteriologico Camara Pestana (Lisbon). 
Annales do I’Institut Pasteur (Paris). 

Arbeiten aus dem kaisorlichon Gosundhoitsamte (Berlin). 

Archiv fiir Protisteiikundo (Jena). 

Arohiv fiir Schiffs* und Tropenhygiene (Ixjipzig). 

Annals of Tropical Medicine and Parasitology (Liverpool). 
Archives de Zoologie experimontale et g6n6ralo (Paris). 

Bulletin Internationale de PAcad^mio des Sciences Cracovio. 
Biological Bulletin (Woods Holl, Mass.). 

Biologisches Centralblatt (Leipzig). 

Bulletin de ITnstitut Pasteur (Paris). 

— de la Soci6t6 de Pathologio Exotiquo (Paris). 

— de la Soci6te Zoologique de France (Paris). 

Centralblatt fiir Bakteriologie, Parasitenkunde und Infoctions- 
krankheiten (Jena). 

Coinptes-rondus hebdomadaires dos Sdanccs de l’Acad('imic des 
Sciences (Paris). 

des S&inccs et Memoires de la Soci6t6 do Biologie (Paris). 

Journal of Experimental Medicine (Baltimore). 

— of Experimental Zoology (Baltimore). 

— of Hygiene (Cambridge). 

— of the Linnean Society : Zoology (London). 

Momorias do Institute Oswaldo Cruz (Rio do Janeiro). 

Proceedings of the Royal Society of London. 

Parasitology (Cambridge). 

Proceedings of the Zoological Sooicty of London. 

Quarterly Journal of Microscopical Science (London). 
SitzungsWichte der kdniglich-prcussischen Akademio der Wissen- 
schaften zu Berlin. 

— dcr Gesellsohaft naturforschender Freunde zu Berlin. 

— der Gesellschaft fiir Morpholode und Physiologic in Munchen. 
Scientific Memoirs by OflBcers of the Medical and Sanitary Depart- 
ments of the Government of India (Calcutta), 

Verhandlungen der deutsohen zoologischen Gesellschaft (Leipzig). 
Zoologischer Anzeiger (Leipzig). 

Zeitschrift fur allgemeine Physiologie (Jena). 

— fur Hygiene und Infectionskrankheiten (Leipzig). 

— fiir wissensohaftliche Zoologie (Leipzig). r* 

476 



476 


THE PROTOZOA 


CHAPTER I 

General Works on Protozoa. 

(1) Brttmpt, E. (1910). IV'cis do I'arasitologio. Paris: Masson ('t Cic. 

*(2) BuTSC'iir.T, 0. (I8H2-18S9). Protozoa. Bronn's Klassen und ()rdnu7igen di(y>< 
Thier-liekhs, I. 

(3) - - (1910). Vorlcsungon iibor vorgleicliomlo Anatomic, 1. Leipzig: 

W. Engclmann. 

(4) Calkins, (5. N. (1901). Tho Protozoa. Now York : Macmillan and Co. 

♦(f)) — (1909). Protozoology. Now York and Philadelphia ; Lea and Fiobigor. 
♦(0) Delaok, Y., and Herouard, E. (1890). Traito do Zoologio Concroto, I. 

Paris : Schleichor Freros. 

*(7) PoFLEiN, F. (1911). Ijchrbuch dor Protozoenkundo. Third edition. Jena: 
Custav kdscher. 

(8) IIartoo, M. (1900). Protozoa. Cambridge Natural History, vol. i. London : 

Macmillan and Co. 

(9) Kent, W. 8. (1880-1882). A Manual of tho Infusoria. Tjondon : David 

Bogiio. 

*(10) Lano, a. (1901). Ijchrbuch dor vergloichondcn Anatomic dor wirbclloson 
Thierc, 2te Auflago. Jena ; Cu.stav Fischer. 

(11) Lankester, E. R. (1891). Protozoa. Kncyclopcedia Brikmnica, ninth 

edition ; reprinted in Zoological Articles. London : A. and C. Black. 

(12) — (1903 and 1909). A Treatise on Zoology. Part I., Fascs. 1 and 2. 

Ijondon : A. and C. Black. 

(13) Minchin, E. A. (1907). Protozoa. Allbutt and Rolleston : A System of 

Medicine, vol. ii., part ii., p. 9. 

(14) Prowazek, S. V., and others (1911). Handbuch der Pathogenen Protozoeii. 

Leipzig : J. A. Barth. Lief. 1 and 2. 

(15) BoT.r.KSTON, C., and Jackson, W. H. (1888). Forms of Animal Life. Second 

edition. Oxford : Clarendon Press. 


CHAPTER II 

In addition to tho general works cited under the previous chapter, sec especially : 
(1(5) CooDEY, T. (1911). A Contribution to our Knowledge of the Protozoa of 
the Soil. P.R.S. (B.), Ixxxiv., p. 165. 

(17) Latjterborn, R. (1901). Dio “ sapropelische ” Lobcwelt. Z.A., xxiv., p. 50. 

(18) Laveran, a., and Mesnil, F. (1899). De la Sarcocystine, toxinc des Sarco- 

sporidies. C.//.<Sf.7y., li., p. 31 1. 

(19) — and Pettit, A. (1911). Les trypanotoxines. B.S.P.E., iv., p. 42. 

(20) Mesnil, F. (1905). L’H6r6dite dans les Maladies fi Protozoaircs. B.LP-, 

iii., p. 401. 

(21) Minchin, E. A. (1910). Phenomena of Parasitism amongst Protozoa. 

Journ. Qiiekett Microscop. Club (2), xi., p. 1. 

(22) Roud.sky, I). (1910). Le Trypanosoma lewisi Kent renforc^. C.R.S.B-, 

Ixix., p. 384. 

(23) — (1911). La possibilite do rendro lo Trypanosoma lewisi virulent pour 

d’autres rongeurs quo lo rat. O.R.A.S., clii., p. 50. (See also Bulletin of 
the Sleeping Sickness Bureau, vol. iii., pp. 81 and 265, for further references 
on this .subject.) 

(24) Rus.sell, E. J., and Hutchin.son, H. B. (1909). The Effect of Partial 

Sterilization of Boil on the Production of Plant Food. Journ. Agric. Sri., 
iii., p. 111. 

(25) Teichmann, E. (1910). Das Gift der Sarco.sporidien. A.P.K., xx., p. 97. 

(26) — and Br ATTN, H. (1911). Ein Protozoontoxin (Sarcosporidiotoxin). A.P-i^ ' 

xxii., p. 351. 

(27) Wendelstadt and Fellmeb, T. (1910). Einwirkung von Kaltblutcriws' 

sagen auf Nagana- und Lowisi-Trypanosomen. Zeitachr. f. ImmunHok- 
forschung, v., p. 337. 

(28) Winter F. W. (1907). Untersuchung iiber Peneroplis pertusus (Forskai)- 

A.PX, X.. p. 1. 



BIBLIOGRAPHY 


477 


CHAPTER III 

In aiklition to tho general works cited under Chapter I., seo especially : 

(29) Heiion-Allkn, K., and Eakland, A. (1909). A Now Species of Tcchnitdla. 

Journ. Quckeit Microsc. Club (2), x., p. 403. ^ 

•(30) Koltzoff, N. K. (1903). Formbestiniinondo elastischo Gebildc in Zellcn. 
B.C., xxiii., p. (580. 

( 31 ) (1906). Dio Gestalt der Zelle. Arch. mikr. Amt., Ixvii., p. 364. 

(32) Tkowazkk, S. V. (1908). Biologic dor Zellon, I. B.C., xxviii., p. 782. 

(33) — (1909). Thoorie der Cytoniorphe. Z./l., xxxiv., p. 712. 

(34) Hhumrler, L. (1898). Physikalischc Analyse von Lobensorschoinungen dor 

Zelle, 1. Arch. Eiitwickiuwjsmcch., vii., p. 103. 

(30) — (1902). Dio Doppclschalen von Orbitdites. A.P.K., i., p. 193. 

(36) Veuworn, M. (1888). Biologisclic rrotisten-Studioii. Z.w.Z., xlvi., p. 455. 


CHAPTER IV 

In addition to Nos. 34 and 35, sec : 

*(37) Butschli, 0. (1894). Microscopic Foams and Protoplasm. (Transiation 
by F. A. Minchin.) IadikIoh : A. and C. Black. 

(38) Fauj{E-Fkemikt, K. (1908). 1.^1 Striiclurc des MatF-rcs Vivantos. B.S.Z.F., 

xxxiii., p. 104. 

*(38-5) — (1910). Tjos Mitochondn(‘s d(“S Protozoaires ct des Cellules soxuelles. 
Arch. (rAnut. Micro.'ic., xi., j). 457. 

*(39) Kiscjier, A. (1899). Fixirung, Fiirbung und Bau des LVotoplasmas. Jena; 
Gustav Fischer. 

(40) Riiumuler, 1j. (1902). Der Aggrogatzustand und die physikalischon Boson- 
derheiteii des Icbeiiden Zellinhalts. Z.a.P., ii., p. 183. 


CHAPTER V 

In addition to the roh'ronces cited above for Chapters 1. and 111., and those 
cited below for Chapter X,, sec : 

(41) Goldschmidt, R. (1907). Lebcnsgeschichtc der Mastigambben. A.P.K., 

Suppl. I., p. 83. 

(42) Minchin, F. A., and Woodcock, H. M. (1911). The Trypanosome of the 

Little Owl {Athene noctua). Q.J.M.S., Ivii., p. 141. 

(43) ScHAUDiNN, F. (1894). Camploiiema nutans. B.B.A.B., lii., p. 1227. Re- 

printed, Schaudinn’s Arbeiten, 1911, p. 50. 

(44) Schuberg, a. (1905). Cilicn und Trichocysten einiger Infusorion. A.P.K. , 

vi., p. 01. 


CHAPTER VI 

In addition to tho works cited here, sec also the bibliographical rcforenccs for 
Chapter VII. 

(45) Aragao, H. de B. (1910). Ueber Polylomdla agilis. M.J.O.C., ii., p. 42. 

(46) Awerinzew, S. (1907). Struktur des Protoplasma und des Kerns von Amoeba 

proteus (Pall.). Z.A., xxxii., p. 45. 

(47) — (1909). Fntwicklungsgeschichte von Coccidien aus dem Darmo von 

Cerebralulus sp. {Barrouxia spiralis). A.P.K., xviii., p. 11. 

(48) C.\LKiNS, G. N. (1903). Tho Protozoan Nucleus. A.P.K., ii., p. 213. 

(48‘5) Chagas, C. (1911). Dio zyklischen Variationen des Caryosoms bci zwei 

Artcn parasitischer Ciliaten. M.I.O.G., iii., p. 136. 

*(49) Chatton, E. (1910). La structure du Noyau et la Mitose chez les Amcobiens. 
A.Z.E. (5), v., p. 267. 

(50) Collin, B. (1909). La Conjugaison d' Anoplophrya branchiarum (Stein) 
{A. circvtlans, Balbiani). A.Z.E. (5), i., p. 345. 

♦(51) Dobell, C. C. (1909). Chromidia and the Binuclcarity Hypothesis. 
liii., p. 279. • 



478 


THE PROTOZOA 


*(52) Dobell, C. C. (1911). Contributions to the Cytology of the Bacteria. 

Q.J.M.8,, Ivi., p. 395. “ Autorreferat ” in A.P.K., xxiv., p. 84. 

(63) Entz, G. (1909). Organisation und Biologic der Tintinniden. A.P.K., xv., 
p. 93. 

(54) Erhard, H. (1911). Die Hcnucgiiy-Lenhossekscho Theorie. Ergebn, Anal. 

Eniwick., xix. (.second half), p. 893. 

(55) Faure-Eremiet, E. (1910). Apparcil nucleaire, Chromidies, MitochondricH.« 

A,P.K„ xxi., p. 186. 

(56) Francja, C., and Atiiias, M. (1907). IjCS Trypanosomes des Aniphibiens, II. 

Le Trypanosoma rotatorium do Hyla arborea. A.I.G.P., i., p. 289. 

(57) Goldschmidt, R. (1904). Die Chromidien der Protozoen. A.P.K., v., p* 12(). 

(58) — and PoPOFF, M. (1907). Dio Karyokinese der Protozoen und der Chromi- 

dialapparat der Protozoen- und Mctazoenzello. A.P.K., viii., p. 321. 

(59) Guillermond, A. (1910). Corpusculcs metachromatiques ou Grains do Vohi- 

tine. A.P.K., xix., p. 289. 

(60) Hartmann, M. (1909). Polyenergido Kerne. B.G., xxix., pp. 481 and 491. 

(61) — (1911). Dio Konstitution der Protisten kerne. Jena : Gustav Fisclier. 

(62) — and Chagas, C. (1910). Flagellatenstudien. M.I.O.G., ii., p. 64. 

(63) — and Prowazek, S. v. (1907). Blepharoplast, Caryosom und Centrosoni. 

A.P.A., X., p. 306. 

(64) Hertwig, R. (1898). Kerntheilung, Richtungskorpcrbildung und Befrucli- 

tung von Aciimsphmriun Eichhorni. Abfia^idl. bayer. Akad. (II. Cl.), 
xix., p. 631. 

(65) — (1899). Encystierung und Kemvermehrung bei Arcella vulgaris. Kiip- 

ffer's Festschrift, p. 567. 

(66) — (1902). Die Protozoen und die Zellthcoric. A.P.K., i., p. 1. 

(•67) — (1903). Das Wechsclverhiiltnis von Kern und Protoplasma. S.B.G.M.P., 
xviii., p. 77. 

(68) — (1907). Dcr Chromidialapparat und der Dualismus der Kernsubstanzen. 
Ibid., xxiii., p. 19. 

• (69) Jahn, E. (1904). Kernteilung und Geisselbildung bei den Schwarmern von 
Stemonitis flaccida, Ber. Deutsch. Bot. Ges., xxii,, p. 84. 

(70) Janicki, C. (1910). Parasitischo Flagellaten, I. Lophomonas blattanm, 

L. striata. Z.w.Z., xcv., p. 243. 

(71) — (1911). Der Parabasalapparat bei parasitischen Flagellaten. B.G., 

xxxi., p. 321. 

(71*5) — (1912). Parasitische Arten der Gattung Paramoeba. Vcrh. Natur- 
forsch. Ges. Basel, xxiii. 

(72) Le'oer, L., and Duboscq, 0. (1911). Deux Grcgarines des Crustaces. A.Z.E. 

(5), vi., “ Notes et Rovue,” p. lix. 

(73) Maier, H. N. (1903). Der feinero Bau der Wimperapparate dor Infusorien. 

A.P.K., ii., p. 73. 

(74) Mesnil, F. (1905). Chromidies ct Questions connexes. B.I.P., iii., p. 313. 
(76) Minchin, E. a. (1911). Some Problems of Evolution in the Simplest Forms 

of Life. Journ. Quekett Microsc. Club (2), xi., p. 166. 

(76) Nagler, K. (1911). l*rotozoon aus cinem Almtiimppl, I. Amoeba hartmanni, 
n. sp. Anhang ; Zur Centriolfrage. A.P.K., xxii, p. 56. 

77) PopOFF, M. (1909). Dio Zellgrosse, ihro Fixierung und Vererbung. Arch. 
ZeUforschung, iii., p. 124. 

(78) Reichenow, E. (1910). Hmmogregarina stepanowi. Dio Entwicklungsgc- 

schichte einer Hamogregarino. A.P.K., xx., p. 251. 

(79) Robertson, M. (1911). The Division of the Collar-Cells of the Galcarca 

Ileterocoela. Q.J.M.8., Ivii., p. 129. 

(80) — and Minchin, E. A. (1910). The Division of the Collar-Cells of Glathrinu 

coriacea. Q.J.M.S., Iv., p. 611. 

(81) ScuAUDiNN, F. (1896). Der Zeugungskreis von ParawcBta etiiAard*. 8.B.A.B., 

p. 31. Reprinted, Schaudinn’s Arbeiten, 1911, p. 116. 

(82) — (1896). Das Centralkorn der Heliozoen. V.D.Z.G., vi., p. 113. (With 

discussion by Lauterbom and Biitschli.) 

(83) Siedlecki, M. (1905). Die Bedcutung des Karyosoms. B.A.8.G., p. 559. 

(84) Wenyon, C. M. (1911). Oriental Sore in Baghdad, together with Observa- 

tions on a Gregarine in 8tegomyia fasciata, the Hsomogregarinos of Dogs, 
and the Flagellates of House Flies. Py., iv., p. 273. 

(86) Zuelzer, M. (1904). Difflugia urceolata. A.P.K., iv., p. 240. 

(86) ~ (1909)^ WagnereUa borealis. A.P.K., xvii., p. 136. 



BIBLIOGRAPHY 


479 


CHAPTER VII 


In addition to the works cited here, sco also Nos. 45, 48, 49, 50, 50, 58, 00, 02, 
04, 00, 09, 70, 71, 71'5, 78, 79. 80, 81, 82, and 80 above. 

(87) Araoao, H. de B. (1904). Amwha diplomilotica. M.I.O.G., i., p. 33. 

,^(88) Awebinzew, S. (1904). Teilung von Anurba protrus. Z.A., xxvii., p. 399. 

(89) Hartmann, M., and Chaoas, C. (1910). Schlangcnhamogrcgarincn. A.P.K., 

XX., p. 351. 

(90) (1910). Di(! Kerntcilung von Amoeba hi/alina. M.I.O.C., ii., p. 159. 

(91) Hertwio, R. (1903). Korrelation von Zell- und Korngrossc. B.C., xxiii., 

pp. 49 and 108. 

(92) — (1908). None Probleme der Zellenlchre. Arch. f. Zdljorschnng, i., p. 1. 

(93) Lehedew, W. (KM)8). Trachelocerca phmicopterm. A.P.K., xiii., p. 70. 

(94) Moroff, T. (1908). Dio bei don (Aiphalopoden vorkoniniondcn Aggregaia- 

Arten. A.P.K., xi., p. 1. 

(95) Naoler, K. (1909). Entwicklungsgeschichtliche Studion iiber Aniobcn. 

A.P.K., XV., p. 1. 

(90) — (1911), Caryosom und Cwitriol beini Tcilungsvorgang von Chilodon 
'iincinatus. A.P.K., xxiv., p. 142. 

(97) PROWAZEK, 8. V. (1903). Die Kernb'ilung dos Entosiphnn. A.P.K., ii., 

p. 325. 

(97'5) Rkutienow, E. (1909). llmmalococcnfi iiluvidlis. A.K.iLA., xxxiii., ]>. 1. 

(98) 8(Tiaiidinn, E. (1894). Kerntheilung mit nachfolgonder Korpertheilung bei 

Amaha crystalligera. S.li.A.H., 1894, p. 1029. Reprinted, Schaudinn’s 
Arbciten, 1911, p. 95. 

(99) — (1900). Dor (j!eneration.svvech.sel bei Coceidien. Zod. .Jahrhucher {Abth. 

f. Anal.), xiii., p. 197. Schaiidinn’s Ar' eiten, 1911, ]>, 208. 

(100) 8c'HEWiakoff, W. (1887). Dio karyokinetischc Kerntheilung der Exiglypha 

alvedata. Morph. Jahrbxich, xiii., p. 193 

(101) SwABCZEWSKV, B. (1908). Dio EortpHanzungscrscheinungen bei ArcclXa 

vulgaris. A.P.K., xii., p. 173. 


CHAPTER VIII 

In addition to the works cited here, see also Nos. 41, 47, 50, 51, 57, 04, 07, 08, 
74, 75, 81, 85, 92, 93, 99, and 101. 

(102) Baitsell, G. A, (1911). Conjugation of Closely Related Individuals of 

Stylonychia. Proc. Soc. Exper. Bid. Med., viii., p. 122. 

(103) Bott, M. (1907). Eortpflanzung von Pelomyxa. A.P.K., \'\\\.,p. 120. 

(104) Calkins, G. N. (1904). Studies on the Life-History of Protozoa, IV. 

J.E.Z., i., p. 423. 

(105) — (1906), The Protozoan Life-Cycle. B.B., xi., p. 229. 

(106) — and Cull, 8. W. (1907). The Conjugation of Paramecium aurdia 

{caudaium). A.P.K., x., p. 375. 

(107) Dangeard, P. a. (1911). La Conjugaison dcs Infusoires cilies. C.R.A.E.. 

clii., p. 1032. 

(108) — (1911). La Fecundation dcs Infusoires ciWs. G.R.A.8., clii., p. 1703. 

(109) Dehornb, a. (1911). Permutation nucl^iro dans la Conjugaison de Gd- 

pidiurn cdpoda. G.R.A.S., clii., p. 1354. 

(110) Dobell, C. C. (1911). The Principles of Protistology. A.P.K., xxiii. 

p. 269. ' 

(111) Doflein, F. (1907). Die Konjugation der Infusorien. 8.B.Q.M.P. xxiii. 

p. 107. 

(112) Enriques, P. (1907), La Coniugazione e il Differenziamento sossuale negli 

Infusori. A.P.K., ix., p, 195. 

(113) — (1908). Dio Conjugation und sexuello Difforenzierung der Infusorien. 

A.P.K., xii., p. 213. 

(114) Geddes, P., and Thomson, J. A. (1901). The Evolution of Sex. Revised 

edition. London. 

(115) Hamburger, C. (1908). Die Conjugation von Stentor coervleus. Z.w.Z 

xc,, p. 423. ' ‘ 

(116) Hartmann, M. (1909). Autogamie bei Protisten. A.P.K., my., p. 264. 



480 THE PROTOZOA 

(117) Hartog, M. (1910). Apropos of Dr. Hartmann’s “ Autogamie bei Proto- 

zocn.” A.P.K., xviii., p. 111. 

(118) Hertwig, 11. (1902). Wcson uiul Bedouiung der Befruclitung. Silzber. k. 

Akad. Ifm. Mundien., xxxii., p. 57. 

(119) — (1905). Das Problem dcr scxuellen Dilfercnzierung. V.D.Z.O., 1905, 

p. 18(5. 

(120) Hk^k.son, 8. J. (1910). The Origin of Sex. Ann. Rep. Trans. Manchesler 

Alkrosc. Soc., 1909, p. 34. 

(121) Jennings, H. S. (1910). What Condition.s induce Conjugation in Tara- 

meciim ? J .E.Z., ix., p. 

(122) Maui’AS, E. (1889). Lo Rajeunissement karyogamique chez les Cilics. 

A.Z.E.. (2) vii., p. 149. 

(123) Muesow, K. (1911). Fortpllanzungserschcinungcn bci Monocystis rostrala. 

A.P.K., xxii., p. 20. 

(124) Pearl, R. (1907). A Biometrical Study of Conjugation in Paramcciuin. 

Biometrika, v., p. 213. 

(125) Poi’OEF, M. (1908). Die Oametcnbildung und die Conjugation von Car- 

chesiuvi polypinum. Z.w.Z., Ixxxix., p. 478. 

(120) Prandtl, H. (1900). Die Konjugation von Didininni nasiitum. A.P.K., 
vii., p. 229. 

(127) PuowAZEK, S. V. (1905). * Der Erroger der Kohlhernie, Plasmodiophora 

brassicee. A.K.G.A., xxii., p. 390. 

(128) — (1907). Die Sexualitiit bei den Protisten. A.P.K., ix., p. 22. 

(129) Sgiiaudinn, E. (189(5). Copulation von Aeiinophrys. S.B.:\.B., ]). 83. 

C30) — (1902). Krankh(4ts(‘rregonde Protozoen, 11. Plasmodium vivax. 

A. K.G.A., xix., ]). 1(59. 

(131) — (1903). Die EortpHanzung einiger Rhizopoden. .I.AM/..!,, xix., p. 547. 

(132) (1901). ( leneration.s- und Wirtsvvech.sel bei Trypanosoma und Spiro- 
rliaite. A.K.G.A., xx., p. 387. Reprinted, with “ Nachtrag,” in Fritz 
Sohaudinn’s Arbeiten, 1911. 

, (133) - - (1905). Die Bofruchtung bei Protozoen. V.D.Z.G., xv., p. 10. 

(134) Schilling, C. (1910). Autogamie bei Trypanosoma leivisi. A.P.K., xix., 

p. 119. 

(135) Stempkll, W. (1900). Dio neuerc Protozoenforschung und die Zellenlehre. 

S. B. Med.-naturwiss. Ges. Munster i. IF., June 13. 

(130) Stevkns, N. M. (1910). The Chromosomes and Conjugation in Boveria 

subcylindrica, var. concharum. A.P.K., xx., p. 12(5. 

(137) Versluys, J. (190(5). Die Konjugation der Infusorien. R.C., xxvi., p. 40. 

(138) Woodruff, L. L. (1905). Life-History of Hypo tricho us Inf lusoria. J.E.Z., 

ii., p. 585. 

(139) — (1908). Life-Cycle of Paramecium. Amer. Nat., xlii., p. 520. 

(140) — (1909). Further Studies on the Life-Cycle of Paramecium. B.B., xvii., 

p. 287. 

(141) — (1911). Two Thousand Ceiierations of Paramecium. A.P.K., xxi., 

p. 203. 

(142) — (1911). The Adaptation of Paramoecia to Different Environments. 

B. B., xxii., p. 00. 

(143) — and Baitsell, C. A. (1911). Rhythms in the Reproductive Activity of 

Infusoria. J.E.Z., xi., p. 339. 


CHAPTER IX 

In addition to the works cited here, see also Nos. 41, 65, 78, 85, 86, 99, 101, 
130, and 131. 

(144) Elpatiewsky, W. (1907). Fortpllanzung von ArceUa vulyaris. A.P.K., 

X., p. 441. 

(145) Khain.sky, a. (1910). Uber Arcellen. A.P.K., xxi., p. 165. 

(146) ScHAUDiNN, F. (1899). Der Uenerationswechsel von Trichosphwriurn sieboldi. 

AnJiany. Abhandl. Preuss. Akad. lFw«. 

(147) — (1902). Cydospora caryolytica. A.K.G.A., xviii., p. 378. Reprint in 

Fritz Schaudinn’s Arbeiten, 1911, p. 318. 



BIBLIOGRAPHY 


481 


CHAPTER X 


In addition to the works cited below, see also 34, 35, 3b, 37, 40, and 237. 

(148) Barratt, J. 0. W. (1905). Dio Kohlcnsiiurcproduktion von Pammtcinm 
aurdia. Z.a.P., v., p. 60. 

fl49) — - (1905). Dor Einfluss der Konzentration auf die Cheniotaxis. Z.a.P., 
V., p. 73. 

(150) Bass, C. C. (1911). A New Conception of Immunity : its Application to 

the cultivation of Protozoa and Bacteria. Journ. Amcr. Med. Assoc., 
Ivii., p. 1534. 

(151) Boissevain, M. (1908). Kernverhaltni8.so von Actinosphceriuui cirhhorni 

bci fortgesetzter Kultur. A.P.K., xiii., p. J67. 

(152) Boroert, a. (1909). Erscheinungon fettiger Degeneration bei tripylccn 

Radiolarien. A.P.K., xvi., p. 1. 

(152’6) Bovard, J. E. (1907). Structure and Movements of Condylostoma palens. 
Univ. California PubL, iii., p. 343. 

(153) Butschli, 0. (1900). Zur Kenntnis des Paramylons. A.P.K., vii., p. 197. 

(154) Degen, A. (1905). Dio kontraktilo Vacuole und die Wabenstruktur des 

Protoplasmas. Bot. Zdlun^, Ixiii., p. 163. 

(155) Dobell, C. C. (1907). Physiological Degeneration in Opalim. Q.J.M.S., 

li., p. 033. 

(150) Erdmann, K. (1910). Depression und facultative Apogamio bci Amaba 
dijdoidea. llertwig's Festschrift, i., p. 323. 

(157) Carbowski, L. (1907). Ccstaltsvoranderung und Plasmoptyse. A.P.K., 

ix., p. 53. 

(158) CiEMSA, G. (1911). FixicrungundFiirbungderProtozocn. Prowazok 

(159) — and Prowazek, S. v. (1908). Wirkung des Chinins auf die Protistenzcllo. 

A.S.T.H., xii., Beiheft 5, p. 188. 

(100) Greeley, A. W. (1902). Artificial Production of Spores hi Monas by a 
Reduction of the Temperature. Univ. Chicago Decennial Puhl., x., 

(161) GrL:nwood, M. (1880-1887). Digestive Processes of some Khizopods, I. 

Journ. Physiol., vii., p. 253. 11., ibid., viii., p. 203. 

(162) — (1894). Constitution and Formation of “ Food-Vacuoles ” in Infusoria, 

etc. PhU. Trans. (B), clxxxv., p. 355. 

(163) — and Saunders. E. K. (1894). The Role of Acid in Protozoan Digestion. 

Journ. Physiol., xvi., p. 441. 

(164) Hertwig, R. (1904). Physiologische Degeneration bei Actinosphmnum 

eichhorni. Haeckd's Feslschr^t (Jena, G. Fischer), p. 301. 

♦(165) Jennings, H. S. (1904). The Behaviour of the Lower Organisms. 
Washington : Carnegie Institute. 

(106) — (1904). The Behaviour of Paramecium. Journ. Comp. Neurology, xiv., 

p. 441; Contr. Zod. Lab. University of Philaddphia, xi., 1905. 

(107) — (1904). The External Discharge of the Contractile Vacuole. Z.A., 

(168) — Physical Imitations of the Activities of Amoeba. Amer. Natural , 

xxxviii., p. 025. . • , i> + 

(169) Joseph, H., and Prowazek, 8. v. (1902), Die Einwirkung vou Rontgen- 

Strahlen auf einige Organismen. Z.a.P., i., p. 142. , i , 

(170) Kanitz, a. (1907). Der Einfluss dcr Temperatur auf pulsierondcn Vakuolen 

der Infusorien. B.C., xxvii., p. 11. t r 

(170’6) Khainsky, a. (1910). Morphologie und Physiologic einigcr liiiusorien 
(Paramecium caudatum). A.P.K., xxi., p. 1. j , i : „ 

(171) Lewin, K. R. (1910). Nuclear Relations of Paramecium caudatum during 

the Asexual Period. Proc. Cambridge Phil. Soc., xvi., p. 39. 

(172) — (1911). Behaviour of the Infusorian Microiiuclcus m Regeneration. 

P.R.S., Ixxxiv., p. 332. , „ • i 

(173) Lipska, I. (1910). L’Influence de rinanitiou chez 1 aramecium caudatum. 

Rev. Suisse Zod., xwiii., ^ . , . • 

(174) MACKINNON, D. (1908). Encystation of Actinosphesnum etchhorm under 

Different Temperatures. Q.J.M.8., lii., p- w or- 

(175) McLendon, J. F. (1909). Protozoan Studies. 2., vi.. p. 

(176) Mast. S. 0. (1910). Reactions of Amoeba to Light. J.L.Z., ix., p. 26o. 



4g2 THE PROTOZOA 

(177) Mksnil, F., and Moutok, H (liW3) Uno Wastoso Proteolytic, uo Extraite 

( 178 ) Action ttipmAlytiquo a.mimrfo des Kversca Serums 

«. *■ »■ 

(180) UvTScnmKOV^^^ La Digestion Intracellulairc. * 

(181) Nikenstein. E. (1905). Emiihrungsphysiologtc dor Irotisten. ■, 

^132) — \l010). Fcttvordauung uiid 1 ettspcicherung bci Infusorion. / 

(183) NowiKOFpf M. (1908). Die Wirkung des Schilddruscncxtrakts auf Ciliaten. 

(184) PorOFF.^il. (1907). Depression der Erotozocnzelle und dcr Geschlcchtszellcn 

(185) _ n9(]^r^Ei;^^f;dlSi;ci’» auf der Eunktionszustand 

( 186 ) - 

(187) Pkanotl^H^Ti^ Degeneration der Anmha proteus. 

(188) PEOWA7fK7s!''v!‘ (1W3). Siudicn zur Biologie der Zelle. Z.a.P., n. 

(189) — ^'1903). Regeneration und Biologie dor 'k' 

(190) _ (1903). Degenerative Hypcrregoneration bci den Irotozoen. . ■ , 

iii., p. 00. ... .jort 

(103) 

(104) - Pic Physiologie dcr Einzclligeii. Ixdpzig •• Tc"J^’|'cf- .^^i 

195) - (1910). Giftwirlcung imd Protozoimidasi^ xx^ ■p’’201. ’ 

Hr7l?d^'.rA."(7!;(^T'™gSL ProtwZ. UVr).. PAy».W„ 

( 198 ) _ afot' Pie wTk"hSto'’sauerst«flspannung auf die lobendige 

(199) _ ‘^?TOlr"'Rcfztelntwor^^^^^^^^^ '‘‘“|"d"‘T‘'iM<-r«1.;>“'p.''l7.'' 

200 - (1900). Ixuchtondo Orgamsmeu. •■.T'- ^ 1 

2011 _ (1905). Die Atmung der Protozoen. R , ly 

(202) — (1908). Vergleichende Physiologie des 8tofEwccliscls. Ab . . 

.(202) - (Sr ‘Si^g des Ixcbcus dcr Prutistcu. Ti<jcr.t.dt. UanSuch 

(203) K„tB^t°'r1™5t‘“rObcuU0o^ dcr AmOben. Z.,c.Z., 

(205) RoESLt',' K ri902j.''*^Pio,.Ecaotioii eiiiigcr Infusorion auf oinzclne Induk- 

(206) So."oX‘w^rir93r’&o®N^^^ dot sogennanton Exorotkorncr dcr 

(207) Sm™ : A Biometrical Study in the 

‘ ' SL;s Itiiations of Nuclcis and Cytoplasm 

(208) STANiEWigz. W. (1910). ^ La Digestion do la Oraisse dans Ics li 

(209) STA^EWiTfcn,’ IM^ (Jalvanotaxis der Ciliata. 

(210) — fi9(H)’ '"’Zur Methodik der biologischon Untersuchimgon uber die Pro- 

(211) Veew^bn, M.’fp^l)! ' Die Localisation der Atmung in der Zelle. Dtnkschr. 

(212) — ^l9b7). Mgemeino Physiologic. Jena. Fourth edition. 



BIBLIOGRAPHY 


483 

(213) Waqer, H. (1900). On tho Eyespot and Elagclluni of Kiujlena viridis. 

J.L.S., xxvii., p. 403. 

(214) Wallenoren, H. (1902). Inanitionserschcinungon der Zcllc. Z.a.P. i, 

p. 67. 

(215) — (1902). Zur Konntnia dcr Galvanotaxis. Z.it.P., ii., p. ;{41. 

(210) Woodruff, L. L. (1908). Effects of Alcohol on the Life-Cycle of Infusona. 
^ B.B., XV., p. 85. 

(217) — (1911). Tho Effect of Excretion Products of Paramecium on its Hate 

of Reproduction. J.E.Z., x., p. 559. 

(218) — and Baitsell, G. A. (1911). The Reproduction of Paramecium aurdia 

in a “ Constant ” Culture Medium of Beef Extract. xi., p. 135. 

(219) (1911). The Temperaturo Coenicieiit of the Rato of Reproduction 

of Paramecium aurdia. Amer. Journ. Physiol., xxix., p, 147. 

(220) — and Bunzel, H. H. (1909). The Relative Toxicity of Various Salts and 

Acids towards Paramecium. Amer. Journ. Physiol., xxv., p. 190. 

(221) Zuelzer, M. (1905). Die Einwirkung der Radiuinstrahlen auf Protozoen. 

A.P.K., V., p. 358. 

(222) — (1907). Der Einfluss des Meerwassers auf die piilsierendo Vacuole. 

S.B.G.B., p. 90. 

(223) ZuMSTEiN, H. (1899). Morphologic und Physiologic der Euylena gracilis. 

Pringsheim's Jahrbiicher f. wiss. Bolanik, xxxiv., p. 419. 


CHAPTER XI 
SAHCODINA 
(a) General Works. 

(224) Cash, J., and Hoi’KIN.son, J. (1905, 1909). The British l*’reshwatcr Rliizo- ' 

poda and Heliozoa. liondon, Bay Society, vol. i. (1905) and ii. (1909). 

(225) Hartog, M. (1910). Rhizopoda. Encyclop. Brit., eleventh edition, xxiii., 

p. 244. 

(220) Leidy, j. (1879). Freshwater Rhizopods of North America, Bep. U.S. 
Oeol. Survey, xii. 

(b) Amoebaea. 

See also Nos. 32, 34, 30, 40, 49, 65. 71-5, 70. 81. 85, 87, 88, 90. 95, 98, 101, 
103, 131, 144-140, 156, 161, 168, 176. 178. 187, 203. 204, 222. 

(227) Alexeieff, A. (1911). La Division nucloairo ct PEnkystement chez 

quclquos Amibes, L-III. G.B.S.B., Ixx., pp. 455, 534, 588. 

(228) Awerinzew, S. (1907). Die Struktur des Protoplasma und des Korns von 

Amaeha proteus. Z.A., xxxii.. ]). 45. 

(229) — (1906). Die Htruktur und dus chemi.soho Zu.sainmensetzung der Gehiiuse 

bei den Siisswasserrhizopodeii. A.P.K., viii., p. 95. 

(230) — (1900). Zur KeiintnisdertSusswasserrhizopodon. viii., p. 1 12. 

(231) Calkins, G. N. (1904). Evidences of a Sexual Cycle in .\moi)a prokus. 

A.P.K., v., p. 1. 

(232) — (1907). Fertilization of Amoeha prokus. B.B., xm., p. 219. 

(233) Casaguandi, 0., and Bauraclvllo, P. (1897). Knkimaha homims, s. 

Amoeba coli. Ann. Igiene Sperimentul., vii., p. 103. 

(234) Chatton, E. (1910). Protozoaires parasites des Branchies des Labres : 

Amoeba mucieda, Trichodina labrorum. A.Z.E. (5), v., p. 2.19. 

(235) Craig, C. F. (1908). Tho Amoeba) in the Intestine of Man. Journ. infect. 

Diseases, v., p. 324. i m i 

(236) Dobell, C. C. (1909). Tho Intestinal Protozoa of Frogs and Toads. 

Q.J.iIf.-Sf,, liii., p. 201. . 

(237) — (1909). Physiological Degeneration and Death in hntamdha ranarum. 

Q.J.M.S., liii., p. 711. . , . 

(238) Doflein, F. (1907). Amobenstudicn. A.P.K.. Suppl. i., p. 2o0. 

(239) — (1907). Der Tei lungs vorgang bei tlen Susswasscrtlialamophorcn. 

S.B.O.M.P., xxiii. ... , i /< + 

(240) Fantham, H. B. (1910). Tho Protozoa Parasitic in the Red Grouse, etc., 

P.Z.S., 1910, p. 692. 



484 


THE PROTOZOA 


(241) Fantham, H. B. (1911). Tho Amcebao Parasitic in the Human Intestine. 

A.T.M.V., V., p. 111. 

(242) Gaudicheau, A. (1908). Formation do Corps spirillairo dans unc Culture 

d’Amibe {Entamoeba pkagocytoides). G.li.S.B., Ixiv., p. 493. 

(243 ) Gould, L. J . ( 1 894). The Minute Structure of Pelomyxa pdustris. Q. J. M, 8. 

xxxvi., p. 295. 

(244) Greig, E. 1). W., and Wells, R. T. (1911). Dysentery and Liver Abscess > 

in ]^mbay. 8.M.L, 47. 

(245) Grosse-Allermann, W. (1909). Amoeba lerricola. A.P.K., xvii., p. 203. 

(246) Gruber, K. (1911). Eigenartigo Korperformen von Amoeba proteus. 

A.P.K., xxiii., p. 253. 

*(247) Hartmann, M. (1911). Die Dysenterie-Amoben. Vide Provvazek (14), 
p. 50. 

(248) Hickson, S. J. (1909). The Proteomyxa. LankestePs Treatise on Zoology, 

i., fasc. 1. 

(249) — (1909). The Loboaa. Ibid. 

(250) Hoooenraad, H. R. (1907). VampyreUa lateritia. A.P.K., viii., p. 216. 

(251) — (1907). Hyalodiscus rubicundus. A.P.K., ix., p. 84. 

(252) Jurgens (1902). Die Darmamoben und die Amobenenteritis. Verlif}. 

Militdr-Sanitdtswesens, xx., p. 110. 

(253) Liston, W. G., and Martin, C. H. (1911). Pathogenic Ainmba) from 

Bombay. Q.J.M.S., Ivii., p. 107. 

(254) McCakrison, R. (1909). Amoebae in Intestines of Persons suffering from 

Goitre in Gilgit. QJ.M.S., liii., p. 723. 

(255) Martin, C. H. (1911). Nuclear Division of tho Large Amoeba from Liver 

Abscess. QJ.M.S., Ivii., p. 279. 

(256) Mercier, L. (1910). L’Araibo de la Blattc {Entamoeba hlattce). A.P.K., 

XX., p. 143, 

(257) Metcalf, M. M. (1910). Studies upon Ammba. J.E.Z., ix., p. 301. 

(258) Minchin, E. A. (1910). Parasites observed in the Kat-FIea {Ceratophyllus 

fasciatus). Ilertwig's Festschrift, i., p. 289. 

(259) Musgrave, W. E., and Clegg, M. T. (1904). Amoebas : their Cultivation 

and Etiologio Significance. Manila, Dept, of the Interior, Bureau of 
Govt. Laboratories, Biol. Lab., xviii. 

(260) Neresheimer, E. (1905). Vegetative Kernveranderungen bci Amoeba 

dofleini. A.P.K., vi., p. 147. 

(261) Noc, F. (1909). I.a Dysenteric amibienne on Cochinchine. A.LP., xxiii., 

p. 177. 

(262) PUnard, E. (1902). Faune Rhizopodiquo du Bassin du L6man. Genova : 

Kundig. 

(263) — (1905). Les Amibes a Pellicule. A.P.K., vi., p. 175. 

(264) PoPOFF, M. (1911). Der Entwicklung.scyclus von Amoeba minuta, etc. 

A.P.K., xxii., p. 197. 

(265) Prandtl, H. (1007). Dor Entwicklungskreis von Allof/romia sp. A.P.K., 

ix., p. 1. 

(266) Robertson, M. (1905). P.seudos'pora vdvocis. Q.J.M.S., xlix., p. 213. 

(267) ScHAUDiNN, F. (1895). Teilung von Arnoeba hinudeata. S.B.Q.B., 1895, 

p. 130. Reprinted, Schaudinn’s Arbeiten, 1911, p. 101. 

(268) Scheel, C. (1899). Fortpflanzung der Araoben. KupffePs Festschrift, 

p. 569. 

(269) ScHEPOTiEFF, A. (1910). Amobenstudien. Zool. Jahrbiicher {A7iat. w. 

Ontog.), xxix., p. 485. 

(270) ScHUBOTZ, H. (1905). Amoeba blattoe und Am iba proteus. A.P.K., vi., p. 1. 

(271) Stolo, A. (1906). Plasmodiogonie, cine Vermehrungsart dor niedersten 

Protozoen, Arch. Entwicklungsmech., xxi., p. Ill, 

(272) Sun, A. (1910). liber einon Parasiten aus der Korperhohle von Ptychodera 

minuta. A.P.K., xx., p. 132. 

(274) Topsent, E. (1893). Pontomyxa flava. A.Z.E. (3), i., p. 385. 

(275) Vaiilkampf, E. (1905). Biologic und Entwicklungsgesohichte von Amoeba 

Umax. A.P.K., v., p. 167. 

(276) Veley, L. j. (nee Gould) (1905). Pelomyxa paluslris. J.L.8., xxix,, p. 374. 
(276‘6) Walker, E. L. (1911). Amoebae in the Manila water-supply, etc. Philip- 
pine Journ. Sci., vi. (B), p. 259. 

(277) Wbni^on, C. M. (1907). Protozoa in the Intestine of Mica. A.P.K., 

SuppL, i., p. 169. 



BIBLIOGRAPHY 


485 


(278) Werner, H. (1911). Entamaha coli. Vide Provvazek (14), p, 67. 

(279) Whitmore, E. (1911). Parasitaro und frcildx'nde Amiibon aus Manila und 

Saigon. A.P.K., x.\iii., p. 71. 

(280) — (1911). Kulturamoben aus Manila. p. 81. 

(c) Foramiaifera. 

Soc also Nos. 28, 29, 35, 100, and 131. 

(281) Awerinzew, S. (1910). Qromia dujardini. Z.A., xxxv., p. 425. 

(282) Hickson, S. J. (1911). Pdytrema and some Allied Genera. Traris. Linn. 

Soc. London (2), xiv., p. 443. 

(283) Lauterborn, R. (1895). PmUmella chromatophora. lix., p. 537. 

(284) Leyden, E. V., and ScHAUDiNN, E. (1896). Leydeniagemmipara. S.Ii.A.B., 

p. 951. 

(285) Lister, J. J. (1895). Life-History of the Eoraminifera. Phil. Trans. (B), 

clxxxvi., p. 401. 

(280) — (1903). The Eoraminifera. Lankestcps Treatise on Zoda/y, i., fasc. 2, 
p. 47. 

(287) — (1906). Life-History of the Eoraminifera. Pres. Address Zod. Sec. 

Brit. Assoc., York, 1906. 

(288) Riiumbeer, L. (1903). Systcmatischo Zusammenstcllung der rccenten 

Reticulosa. A.P.K., iii., p. 181. 

(288*5) SwARCZEWSKY, B. (1909). Allogromia ovoidea. A.P.K., xiv., p. 396. 

(d) Xenophyophora. 

(289) Anon. (1909). The Xenophyophoridao, F. E. Schultze (sic). LankestePa 

Treatise on Zodogy, i., faso. 1, p. 284. 

(290) Schulze, F. E. (1905). Hie Xenophyophoren. Ifw.?. Krgehn. Expedition 

“ Valdivia,''' xi. , 

(291) — (1900). Die Xenophyophoren der Siboga-Expedition. Uitkomst. Sihoga, 

iv. his. 

(e) Mycetozoa. 

See also Nos. 09 and 127. 

(292) Blom FIELD, J. E., and Schwartz, E. J. (1910). The Tumours on Veronica 

Ghammdrys caused by Sorospheera Veronicas. Ann. Botany, xxiv., p. 35. 

(293) Jahn, E. (i908). Myxomycetenstudien. 7. Ceratiomyxa. Ber. Deutsch. 

Bot. Qes., xxvirt., p. 342. 

(294) — (1911). Myxomycetenstudien. 8. Her Sexualakt. Ihid., xxix., p. 231. 

(295) Leoer, L. (1908). Sporomyxa scauri, A.P.X., xii., i). 109. 

(290) — and Hesse, E. (1905). Un Parasite des Otiorhynquos [Mycetosporidinm). 
C.R.S.B., Iviii., p. 92. 

(297) Lister, .1. J. (1909). The Mycetozoa. LankestePs Treatise on Zodogy, 

i., faso. 1, p. 37. 

(298) ■ — (1909). Cfdamydomyxa and Lahyrinthula. Ibid., p. 274. 

(299) Marchand, E. F. L. (1910). Le Plasmodiophora hrassiem. C.R.A.S.,i\., 

p. 1348. 

(f) Heliozoa. 

See also Nos. 43, 04, 60, 82, 86, 129, 151, 101, 164, 174, and 207. 

(300) Caullery, M. (1910). Un Protozoairo Marin du Genre CUiophrys Cien* 

kowsky {G. marina, n. sp.). G.R, Assoc. Franc. Sci., Lille, 1909, p. 708. 

(301) Hahtoq, M. (1910). Heliozoa. Encyclop. Brit., eleventh edition, xiii., 

p. 232. 

(302) Penard, E. (1903). Quelques Protistes Voisins des Hdiozoaires ou des 

Flagcll6s. A.P.K., ii., p. 283. 

(303) — (1904). Les Heliozoaires d’Eau Douce. Geneva : Henry Kiindig. 

(304) Przesmycki, A. M. (1901). Parasitisoho Protozoen aus dem inneren der 

^ Rotatorien. B.A.S.G., 1901, p. 3.58. 

’(305) Schaudinn, F. (1896). Heliozoa. Das Tierreich., Berlin, 1896. 

(306) SCHOUTEDEN, H. (1907). Quelques Flagell^s. A.P.K., ix., p. 108. ^ 

(307) Weldon, W. F. R., and Hickson, S. J. (1909). The Heliozoa. Lankester a 

Treatise on Zodogy, i., faso. 1, p. 14. * 



486 


THE PROTOZOA 


(g) Radiolaria. 

Sec also No. 152. 

(308) Borgert, a. (1011). Frenidkorperskeleto bci tripyleen Racliolaricn. 

A.r.K., xxiii., p. 125. 

(309) Brandt, K. (1002). Die Colliden. A.P.K,, i., p. 50. 

(310) Butschli, 0. (1006). Dio ohemisclic Natur dor Skeletsubstanz dcr Acan-*' 

tharia. Z.A., xxx., p. 784. 

(311) Gamble, F. W. (1000). The Radiolaria. Lankester'a Treatise on Zoology, 

i., fasc. 1, p. 94. 

(312) Hartmann, M., and Hammer, K. (1909). Dio Fortpflanzung von Radio- 

larion. S.Ji.G.B., 1900, p. 228. 

(313) Hautog, M. (1910). Radiolaria. Emydop. Brit., eleventh edition, xxii., 

p. 802 . 

(314) HiJTir, W. (1911). Fortpflanzung von Thalassicolla. S.B.O.B., 1911, p. 1. 

(315) Moroit, T. (1910). Vegetative und rcprodiiktive Erscheinungen bei 

Thnlmsicolla. Ilertwig's Festschrift, i., p. 73. 

(316) — and Stiasny, G. (1909). Ban iind Entwicklung von Acanthovutron 

pellucidim. A.P.K., xvi., ]>. 209. 

(317) Scott, R. (1911). On Traquairin. Ann. Botany, xxv., p. 459. 

(318) Stiasny, G. (1910), Dio Beziehung der sog,, “ gelben Zellen ’’ zu den 

kolonie-bildenden Radiolarien. A.P.K., xix., p. 144. 


CHAPTER XII 

MASTIGOPHORA 

(a) General Works. 

(319) Hartoo, M. (1910). Flagellata. Encydop. Brit., eleventh edition, x., p. 44. 
*(320) Senn, G. (1900). Flagellata. Emjler and Prantl, “ Die natUrlichen Ppm- 
zenfamUien,'' I, Toil, 1. Abth., a, p. 93. 

(321) Willey, A., and Hickson, S. J. (1909). The Mastigophora. LankestePs 

Treatise on Zoology, i., fasc. 1, p. 154. 

(b) Flagellata. 

See also Nos. 41, 45, 62, 70, 71, 97, 97-5, 153, 160, 213, 223, 236, and 277. 

(322) Alexeieep, A. (1909). Ix'S Flagellea Parasites do ITntestin des Batraciens 

Indigenes. G.R.S.B., Ixvii., p. 199. 

(323) — (1909). Trichomonas a Quatre Flagelles Anterieurs. C.It.S.B., Ixvii., 

p. 712. 

(324) — (1910). Les Magell^s Intestinaux des Poi.ssons Marins. A.Z.E. (5), 

vi.. Notes et lU^vuc, p. i. 

(325) — (1911). Notes sur les Flagelles. /6»d., p. 491. 

(326) — (1911). “ Kystes do Tn’e^owonas tnfesfmoZw.” Ixxi., p. ‘.;96. 

(327) — (1911). Position des Monadides dans la Systematique des Flagelles, 

etc. B.8.Z.F., xxxvi., p. 96. 

(328) Bknsen, W. (1909). Trichomonas intestinalis und vaginalis des Monschen. 

A.P.K., xviii,, p. 115. 

(329) Berliner, E. (1909). Flagellaton-Studien. A.P.K,, xv., p. 297. 

(330) Boiine, A,, and Prowazek, S. v. (1908). Zur Frago dor Flagellatendysen- 

terie. A.P.K,, xii., p. 1. 

(331) Chatton, E. (1911). Pleodorina californica h Banyuls-sur-Mer. Bull. Sci. 

Franc, Bdg. (7), xliv., p. 309. 

( 32) Comes, S. (1910). Lophophora vacudata. Bdl. Acc. Qioen. Catania (2), 
xiii., p. 11. 

(333) — (1910). A Proposito del Dimorlismo sossuale riscontrato in DinewywpAa 

gracilis. Ibid., p. 20. 

(334) Danilewsky, W. B. (1886). Uno Monado (Hexamitus), Parasite du Sang. 

Arch. Slav. Bid., i., p. 85. 

(335) Dobell, C. C. (1908). Structure and Life-History of Copromonas svhtilis. 

Q.J.]».8., lii., p. 75. 



BIBLIOGRAPHY 


487 


(336) Dobell.C. C. (1908). Tho“ Autogamy ” of /?oio;afcrifp. xxviii., p. 548. 

(337) Foa, a. (1905). Duo nuovi Flagollati p^yassiti {Crdonympha f/rassU ami 

Devescovina strinia). Rend. Are,. Lince.i, xiv. (2), p. 542. 

(338) Grassi, B., and Foa, A. (1904). Proccsso di Divi.Hiono dcllo .Tocniiic Pornio 

affini. Ibid., xiii. (ii.), p. 241. 

(339) Haask, G. (1910). Eughnn .mnguinea. A.P.K., xx,. p. 47. 

• (340) Hambuuoer, C. (1905). Dunnliella solinn uiid oiiio Amiibo aiis Salinrn- 
wasscr von Cagliari. A.P.K., vi., p. 111. 

(.341) — (1911). E'uglena ehrenbergii, insbesondcrc die Korporhiillc. Silz-her. 
Heidelberg. Ak. Wisa., 1911. 

(342) Hartmann, M. (1910). Bau und Entwicklung der Trichonymjdiidon 

{Trichonympha hertwigi). llertwig's Featachrift, i., p. 349. 

(343) Haswkll, W. A. (1907). Parasitic Euglcn.m. Z.A., xxxi., p. 296. 

(344) Kkysselitz, G. (1908). Studieii iiber Protozoon. A.P.K., xi., p. 334. 

(345) Lauterborn, R. (1895). Eino Siisswasserart der Gattung Mult ir ilia 

{M. lacuatris). Z.w.Z., lx., p. 236. 

( 345 - 5 j — . (1911). Psi'^udopodien bei Chryaopyxla. Z.A., xxxviii., p. 46. 

(346) Liebetanz, E. (1910). Dio parasitischo Protozoeii des Wiederkiluermagens. 

A.P.K., xix., p. 19. 

(347) Lohmann, H. (1902). Die Coccolithopheridm. A.P.K., i., p. 89. 

(348) Martin, C). H., and Robertson, M. (1911). 0:ecal Parasites of l/’owls, etc. 

Q.J.M.S., Ivii., p. 53. 

(349) Moroff, T. (1903). Einigo Flagellatcn. A.P.K., iii., p. 09. 

(350) Neresiieimer, E. (1911). Coatia necairix. Vide Pkowazek (14), p. 98. 

(351) Noc, F. (1909). Cyolo evolutif do Lamblia intestinalia. B.S.P.E., ii., 

p. 93. 

(352) Pascher, a. (1910). Chrvsomonadon aus dem Hirschberger Grossteiche. 

Leipzig : Werner Klinknardt. 

(353) Plimmer, H. G. (1909). Report on Deaths at the Zoological Gardens during 

1908. P.Z.8., 1909, p. 125. 

(354) Prowazek, S. v. (1903). Flagcllatenstudien. A.P.K., ii., p. 105. * 

(355) — (1904). Einigo parasitischo Flagellatcn. A.A.(7.d., xxi., p. 1. 

(356) Rodenwaldt, E. (1911). Trichomonas, Lamblia. Fw/c Prowazek (14), 

P- 78. 

(357) ScHERFFEL, A. (1911). Dio Chrysomonadinocn. A.P.K., xxii., p. 299. 

(.158) Senn, G. (1911). AepAme/ww und einigo Eullugellaten. Z.w.Z., 

xcvii., p. 605. 

(359) Stein, F. (1878, 1883). Der Organismu.s der Infu.sion.sthiero. III. Leipzig: 

Wilhelm Engelmann. 

(360) Stevenson, A. C. (1911). The Protozoa parasitic in Bufo regulnrts in 
• Khartoum. Rep. Wdlconie Lab. Khartoum, iv., p. 359. 

(361) Wenyon, C. M. (1910). A Flagellate of the Genus Oercomonas. Q.J.M.S., 


Iv., p. 241. 

(362) — (1910). ilfacro5fomaiRe.sm7j from the Human Intestine. 


Pi/., iii., p. 210. 


(c) Dinoflagellata and Cystodagellata. 


(363) Borgert, a. (1910). Kern- und Zelltcilung bei marinen Ceralium-Artcn. 

* A.P.K., XX., p. 1. 

(364) Caullery, M. (1910). Ellobiopsis chatloni, Parasite de Calanus hilgolandicus 

Bull. Sci. Fran<:. Belg. (7), xliv., p. 201. , „ . 

(365) CouTifeRE, H. (1911). Les Ellobiopsis des Crovettes bathypelagiques. 

G.R.A.8., clii., p. 409. 

(366) Chatton, E. (1906). I^s Blastodinid6s. C.R.A.S., cxliii., p. 981. 

(307) — (1907). Nouvel Apor9u sur lea BlaBtodinid(''s {Apodimum mycetoides), 
O.R.A.8., oxliv., p. 282. . 

(368) — (1910). Sur I’Existcnco do Dinoflagelles parasites ocelotnique.s. Les 

Syndinium ohez lea Copepodcs p^lagiquos. C.R.A.S., oli., p. 654. 

(369) — (1910). Paradinium poucheti, Flagcllo parasite d Aearka c.lauau 


G.R.8.B., Ixix., p. 341. ... , 

(370) Dogiel, V. (1906). Dio Peridinion. Mitth. Zod. 8lat. Neapd,^ xvm., p. 1. 

(371) Duboscq, 0., and Coijjn, B. (1910). La Reproduction sexueo dun Iro- 

tisto parasite des Tintinnidoa. G.R.A.8., cli., p. 340. 

(372) JoLLOS, V. (1910). Dinoflagellatonstudion. A.P.K., xix., p. 178. 

(373) Kofoid, C. a. (1905). Graspedotdla, a Now Genus of the Pystoflagellata. 

BuU. Mu 8. Harvard, xlvi., p. 163. 



488 THE PROTOZOA 

(374) Kofoid, C. A. (1906). Asymmetry in T^nposo^ma. Univ. California Pull, 

Zod., iii., p. 127. 

(375) — (1900). ^irwotwTCt oi Gonymilax triacanllia. Z.A., xxx., p. 102. 

(370) — (1907). Struoturo and Systematic Position of Pdykrilcos. Ibid., xxxi., 
p. 291. 

(377) — (1907). The Plates of Ceratium. Ibid., xxxii., p. 177. 

(378) — (1908). Exuviation, Autotomy, and Regeneration, in Cemtmw?. Univ, « 

Cdlifornin Puhl. 'Zod., iv., p. 345. 

(379) — (1909). On Peridinium sleini. A.P.K., xvi., p. 25. 

(380) — (1909). Morpliology of the Skeleton of Podolampas. Ibid., p. 48. 

(381) — (1909). Mutations in Oemtium. Bull. Mus. Harvard, lii., p. 211. 

(382) — (1910). A Revision of the Genus Ceratocorys. Univ. California Puhl. 

Zod., vi., p. 177. 

(383) — (1910). Forms of Asymmetry of the Dinoflagellates. Proc. Internat. 

Gonyr. Zool., vii. 

(384) Kuster, E. (1908). Fine kultivierbare Peridinee. A.P.K., xi., p. 351. 

(385) Plate, L. (1900). Pyrodinium hahamense. A.P.K., vii., p. 411. 

(380) SoHuTT, F. (1895). Die Peridineen dor Plankton-Expedition. Ergebn. 
Planhon-Exped., iv. 

(387) Stein, F. (1883). Der Organismus der Infusorien. III. (ii.) Dio Natur- 
geschichte der Arthrodelen Flagellaten. Leipzig : W. Engolmann. 


CHAPTER XIII 
HiEMOFLAGELLATES 
(a) General Works. 

* See also the Bulletin of the Sleeping Sickness Bureau, London, for abstracts 
and reviews of literature. 

(388) Alexeieff, A. (1911). La Structure des “ Binucldates ” do Hartmann. 

G.R.S.B., Ixix., p. 532. 

(389) Brumpt, E. (1908). L’Origine des H<'‘moflagelles du Sang des Vort6br^s. 

C.R.S.B., Ixiv., p. 1046. 

(390) Hartmann, M., and Jollos, V. (1910). Die Flagellatenordnung “ Binu- 

cleata.” A.P.K., xix., p. 81. 

*(391) Laveran, a., Mesnil, F., and Nababro, D. (1907). Trypanosomes and 
Trypanosomiases. Ix)ndon : Baillicre, Tindall and Cox. 

*(392) Luhe, M. (1900). Dio im Bluto schmarotzonden Protozoen. M ensues 
IJandhuch der Tropenkrankheiten, iii., p. 09. 

*(393) Patton, W. S. (1909). Our Present Knowledge of the Hmmoflagellates 
and Allied Forms. Py., ii., p. 91. 

*(394) Thimm, C. a. (1909). Bibliography of Trypanosomiasis. London : Sleep- 
ing Sickness Bureau. 

*(395) Woodcock, H. M. (1909). The Haomoflagcllates and Allied Form^. Lan- 
keskPs Treatise on Zodogy, i., fasc. 1, p. 193. 

(b) Trypanosoma and Trypanoplasma. 

See also Nos. 19, 22, 23, 27, 42, 66, 132, 134, 686, and 696. 

(390) Baldrey, F. S. H. (1909). Die Entwioklung von Trypanosoma lewisi in der 
Rattenlaus Ilcematopinus spinvlosus. A.P.K., xv., p. 326. 

(397) — (1911). Evolution of T. evansi through the Fly: Tabanus and Slomoxys. 

Journ. Trop. Veterin. Sci., vi., p. 271. 

(398) Bose, F. J. (1904). La Structure etPAppareil Nucleairo des Trypanosomes. 

A.P.K., V., p. 40. 

(399) Bouet, G. (1900). Culture du Trypanosome de la Grenouille IT. rotatorium). 

A.I.P., XX., p. 664. 

(400) ■ — and Roubaud, E. (1910). Transmission des Trypanosomes par les 

Glossines, I. and II. A.I.P., xxiv., p. 658. III., B.8.P.E., iii., p. 699. 
IV., Ibid., p. 722. 

(401) Boufpabd, G. (1910). Qlossina pedpalis et T. Gazalboui. A.I.P., xxiv., 

p. 276. 



BIBLIOGRAPHY 


489 

(402) Bradford, J. R., and Plimmer, H. G. (1902). Tho T. Irncii found in 

Nagana, or Tse-tso Fly Diaca.so. Q.J.M.8., xlv,, p. 449. 

(403) Brkinl, a., and Hindi.k, F. (1910). Life-History of T. Ynri.si in tlu' Hal- 

Louse. A.T.M.J\, iii,, p. 

(404) Bruce, 1). (1911). Morphology of T. e.vansi. ]\R.S. (11), Ixxxiv. ^ 

p. 181. 

• (405) — (1911). Morphology of T. cjamhknse. Ibid., p. 327. 

(40()) — and Bateman, H. R. (1908). Have Prypanosonu's an UHTaiuioroscopi(;al 
Stage in their Life-History ? {No !) P.R.S., (B), Ixxx., p. 394. 

(407) — Hamerton, a. E., Bateman, H. R., and Mackie, F. V. (1909). 

T. ingens, n. sp. P.K.S. (B), Ixxxi., p. 323. 

(408) — — — — (1909). Development of T. gambiense in Glossina ixdpalis. 

Ibid., p. 405. 

(409) (1909). A Trypanosome in the African Elephant. Ibid., 

p. 414. 

(410) (1910). Development of Trypanosomes in Tsetse Flies. 

Ibid., Ixxxii., p. 368. 

(411) — — (1910, 1911). Trypanosome Diseases of Domestie Animals in 

Uganda, I-V. Ibid., Ixxxii., p. 468 ; Ixxxiii., pp. 1, 15, 176, and 180. 

(412) (1910). The Natural Food of (Jlossina palpalis. Ibid., 

Ixxxii., p. 490. 

(413) (1910). Mechanical Transmission of Sleeping Sickness by the 

Tsetse Fly. Ibid., p. 498. 

(414) (1911). Jlxperiments to Ascertain if T. gamhicnse during 

its Development within Glossina jxdpalis is Infective. Ibid., Ixxxiii., 
p. 345. 

(415) (1911). Further Researches on tho Development of T. gam- 

biense in Glossina palpalis. Ibid., p. 513. 

(416) and Bruce (Lady) (1911). T. gallinarum. Rep. Sleeping 

Sickness Gomm., xi.. No. 32, p. 170. 

(417) (1911). A Trypanosome found in the Blood of a Crocodikl 

Ibid., No. 36, p. 184. 

(418) Brumpt, E. (1906). Ix> Mode de Transmission des Trypanosomes et des 

Trypanoplasmcs par Ics Hirudinees. G.R.S.B., Ixi., p. 77. 

(419) — (1907). L’H6r6dite des Infections a Trypanosomes ct a Trypano])lasme3 

chez les Hotes intermi'diaires. Ibid., Ixiii., p. 176. 

(420) Buchanan, G. (1911). Developmental Forms of T. brucei {pecaudi) in 

tho Internal Organs of tho Gerbil. P.R.S. (B), Ixxxiv., p. 161. 

(421) Carini, A. (1910). Stades Endoglobulaires des Trypanosomes. A.I.P., 

xxiv., p. 143. 

(422) — (1910). Formas do Eschizogonia do T. leivisi. Soc. de Med. e Cir. de 

Sao Paulo, August 16, 1910 (quoted from B.I.P., ix., p. 937). 

(423) — (1911). Presence do Trypanosomes chez les bovidcs, it Sao Paulo. 

B. S.P.E., iv., p. 191. 

(424) — (1911). Schizogonien bci Trypanosomen. A.P.K., xxiv., p. 80. 

(425) Chagas, C. (1909). Eino none Trypanosomiasis des Menschen, M.I.OC, 

i., p. 159. 

(426) — (1911). Ix) Cycle do Schizolrypanum cruzi" chez I’Homme et les 

Animaux de Laboratoire, B.S.P.E., iv., p. 467. 

(427) Crawley, H. (1910). T. americanum from tho Blood of American Cattle. 

Journ. Cornp. Path. Therap., xxiii., p. 17. 

(428) Darling, S. T. (1911). Murrina. Journ. Infect. Diseases, vni., p. 467. 

(429) — (1911). Mode of Infection and Methods of Controlling an Outbreak of 

Equine Trypanosomiasis in tho Panama Canal Zone. Py., iv., p. 83. 

(430) Doflein, F. (1909). Problem der Protistenkunde. I. Die Trypanosomen. 

Jena: G. Fischer. , i 

(431) — (1910). Expcrimentelle Studien uber die Trypanosomen des Frosches. 

A.P.K., xix., p. 207. ^ . T. 

(432) Dutton, J. E., Todd, J. L., and Tobey. E. N. (1906, 1907). ^Certain Para- 

sitic Protozoa observed in Africa. Part I., Liverpool Trop. Med. 
Memoirs, xx., p. 87. Part II., A.T.M.P., i., p. 287. 

(433) Elders, C. (1909). Trypanosomiasis beim Menschen auf bumatra. 

C. B.B.P.A. (I Abth. Grig.), liii., p. 42. ^ m w 

(434) Fantham, H. B. (1911). Life-History of T. gambtense and rjode- 

siense as seen in Rats and Guinea-pigs. P.R.S. (B), lifkxni., p. 212. 



490 


THE PROTOZOA 


(435) Fischer, W. (1911). Zur Konntnis dpr Trypanosomon. ZJl, Ixx., p. 93. 

C. (1908). La Biologic dcs Trypanosomes. A.LG.V., ii., p. 43. 

(437) — (1908). Cycle Fvoliitif dos Trypanosomes do hi Cn'iiojiil/e. Jfju/., 

, p. 89. 

(438) — (1908). Trypanosome do rAngiiillo (T. fjrannlosnm). Ibid., ]). 113. 

(439) — (1910). Un Trypanosome du Ijerot (7’. ciyomis). Ibid., iii., p. 41. 

(440) — (1911). Htmiatozoaires do la Guin<';o Portuguaise. Ibid., pp. 201, 229. * 

(441) — (1911). L(>s Hematozoaires dos Taupes. p. 271. 

(442) — (1911). Relation autogenotique entre les grands et les petits Trypano> 

somes do la Grcnouille. C.R.S.B., Ixx., p, 978. 

(443) — (1911). La Transformation “in vitro” des Formes crithidiennes de 

“ 7'. rotatorium ” en Formes trypanosomiques. B.S.P.E., iv., p. 534. 

(444) Friedrich, L. (1909). Ban und Naturgeschichte dcs Trijpanoplasma hdicis. 

A.P.K., xiv., p. 363. 

(445) Fry, W. B. (1911). The Extrusion of Granules by Trypanosomes. P.B.S. 

(B), Ixxxiv., p. 79. 

(445-5) Gonder, R. (1911). Arzneifoste IMikroorganismen. 1. T. leivisi. 
O.B.B.P.K. (I Abth. Grig.), Ixi., p. 102. 

(446) Hamburger, C. (1911). Einigo parasitisohe Flagellaten. Verh. Jleiddhmj. 

Naturhist.-Med. Vrr. (n. F.), xi., p. 211. 

(447) Hartmann, M. (1910). Kino weitere Art der *Scbizogonie bei Scliizotrypannm 

cruzi. A.P.K., xx., p. 361. 

(448) Hindle, E. (1909). Life-History of T. dimorphon. IJniv. California Puhl. 

Zool., vi., p. 127. 

(449) — (1910). Degeneration Phenomena of T. gambiense. Py., iii., p. 423. 

(450) — (1910). A Biometric Stu^ of r. 5rarrt6ien.se. /6id., p. 455. 

(451) — (1911). The Passage of T. gambiense through Mucous Membranes and 

Skin. Ibid., iv., p. 25. 

(452) JoLLOS, V. (1910). Bau und Vermehrung von Trypanoplasma helicis. 

A.P.K., xxi., p. 103, 

(453) Keysselitz, G. (1904). Tnypanopbii grobbeni. A.P.K., iii., p. 367. 

(454) — (1906). Generations- und Wirtswechsel von Trypanoplasma borreli. 

A.P.K., vii., p. 1. 

(455) — (1907). Die undulicrendc Mem bran bei Try panosomen und Spirochii ten. 

A.P.K., X., p. 127. 

(456) — and Mayer, M. (1908). Dio Entwicklung von T. brucei in Qlossina 

fusca. A.S.T.H., xii., p. 532. 

(457) Kleine, F. (1909). Positive Infectionsversuche mit T. brucei durch 

Qlossina palpalis. Deulsch. Med. Woclienschr., xxxv., p. 469. Die 
Entwicklung von Trypanosomen in Glossinen. Ibid., p. 924. Die 
Aetiologio der Schlafkrankheit. Ibid., p. 1257. Tsetse fliegen und Try- 
panosomen. Ibid., p. 1956. 

(458) — (1910). Trypanosomenbefundo am Tanganyika. Ibid., xxxvi., p. 1400. 

(459) — and Taute, M. (1911). Ergiinzungen zu unseren Trypanosomenstudien. 

A.K.Q.A., xxxi., p. 321. Reprinted as “ Trypansomenstudien.” 

(460) Koch, R., Beck, M., and Kleine, F. (1909). Die Tiitigkeit der zur Erfor- 

schung der Schlafkrankheit im Jahro 1906-07 nach Ostafrika entsandten 
Kommission. A.K.Q.A., xxxi., p. 1. 

(461) Laveran, a. (1911). Identification et Classification des Tr3rpanosome8 des 

Mammifercs. A.I.P., xxv., p. 497. 

(462) — (1911). Ja'S Trypanosomes, ont-ils des Formes latentes choz leursHotes 

vert^br^s ? G.R.A.8., cliii., p. 649. 

(464) — and Mesnil, F. (1902). Dos Trypanosomes des Poissons. A.P.K., i., 

p. 475. 

(465) — and Pettit, A. (1910). Des Trypanosomes du Mulot et du Campagnol 

{T. grosi et T. microti). C.R.8.B., Ixviii., p. 571. 

(466) (1910). Lo Trypanosome du Lerot {Myoxus nitda) et la Puce qui 

parait le propager {T. blanchardi). Ibid., p. 950. 

(467) Lebailly, C. (1906). Les H6matozoaire8 parasites des Tdl^osteens marins. 

Arch. Parasiiol., x., p. 348. 

(468) Lebedeff, W. (1910). T. rotatorium, Qt:nhy. Ilertwig^s Festschrift, i.,Tp.3Q'7. 

(469) Machado, A. (1911). Zytologisohe Untersuohungen fiber T. rotatorium, 

Gruby. M.I.O.G., iii., p. 108. 

(470) Manteu^l (1909). Studien fiber die Trypanosomiasis der Ratten. 

A.K.Q.A., xxxiii., p. 46. 



BIBLIOGRAPHY 


491 


( 471 ) Martin, C. H. (1910). Trypanoplama mrujeri—l. The Division of the 

Active Form. QJ.M.8., Iv., p. 485. 

(472) Martin, G., Lebcehf, A., and IIoubaud, E, (1008). Transmission dn 

“ Nagana ” par Ics Stomoxes et les MoiiHtiqiie.s. i., p. 7 . 

(473) Mathis, C., and Leger, M. (1911). Parasikdogio ot Pathologic; hiinmiiws "' 

ot animalcs an Tonkin. Paris : Masson et Cic. 


* (474) Mesnil, F. (1910). L’Identification do rpiolques Trypanosomes |)a(li()CT;.n(.s. 
B.8.P.K., iii., p. 370. 

(475) — and Brimont, E. (1908). Un Hematozoaire nouveau {Endoln/panum) 
d’un Edente de Guyano. C.R.8.H., Ixv., p. .781. 

(470) Minchin, E. a. (1908). The Development of Trypanosomes in Tsetse- Flies 
and Other Diptera. Q.J.M.8., lii., p. 159. 

(477) — (1908). Polymorphism of T. gamhiense. Pi/., i., p. 230. 

(478) — (1909). The Flagellates parasitic in the Blood of Freshwater l^'ishes. 

P. Z.S., 1909, p. 2. 

(479) — ■ (1909). Structure of T. lewisi in Relation to Microscopical Teehniriue. 

Q. J.M.S., liii., p. 75.7. 

(480) — and Thomson, J. D. (1910). TranHmis.sion of T. Icu'ini hy (he Rat-Flea 

{Ceratophyllus fasciaiu/i). P.R.S. (B.), Ixxxii., p. 273. 

(481 ) (191 1 ). Transmission of 7\ leivisi hy the Rat- Flea. Rrif. Med. donrn. , 

1911. i., p. 1309. 

(482) — — (1911). An Intracellular Stage in the Development of T. lewisi in 

the Rat-Flea. Ibid., il. (August 19), pp. 30 1-304. 

(483) — and Woodcock, H. M. (1910). Blood -Parasites of Fishes occurring at 

Rovigno. Q.J.M.8.,lv.,]).m. 

(484) Moore, J, E. S., and Breinl, A. (1907). Cytology of the Trypanosomes, 

part i. A.T.M.P., i., p. 441. 

(485) (1908). T. equiperduni. P.R.S. (B.), Ixxx., p. 288. 

(486) and Hindle, E. (1908). Life-History of T. lewisi. A.T.M.P., ii., 

p. 197. 

*(487) Neresheimer, E. (1911). Die Gattung Trypanojdemna. Vide Prowazick* 
(14), p. 101. 

(488) Neumann, R. 0. (1909). Protozoische Parasiten im Blut von Meeresfischen. 

Z.H., Ixiv., p. 1. 

(489) Novy, R G., and McNeal, W. .T. (1905). Trypanosomes of Birds. Jonr?}. 

Infect. Diseases, ii., p. 250. 

(490) and Torrey, H. N. (1907). Trypano.somcs of Mosquitoes and Other 

Insects. Ibid., iv., p. 223. 

(491) Ottolenghi, D. (1908), T. IruceiundT. equimim. O.B.B.P.K. (I. Abth. 

Grig.), xlvii., p. 473. 

(4p2) — (1909). Die Entwicklung einigor pathogener Trypanosomen im Siiu- 
gcticrorganismus. A.P.K., xviii., p. 48. 

(493) Patton, W. S., and Strickland, C. (1908). The Relation of Blood-sucking 

Invertebrates to the Life-Cycles of Trypanosomes. Pi/., i., p. 322. 

(494) Petrie, G. F. (1905). The Structure and Geographical Distribution of 

Certain Trypanosomes. J.II., v., p. 191. 

(495) — and Avari, C. R. (1909). On the Seasonal Prevalence of T. lewisi in 


Mus rattus and in Mus decumamis. Pi/., ii., p. 305. 

(496) PoLiCARD, A, (1910). Sur la Coloration vitalo des Trypanosomes. G.R.S.B., 

Ixviii., p. 505. 

(497) Prowazek, S. V. (1905). Studien iiber Saugetiertrypanosomen. A.K.G.A., 

xxii., p. 351. 

(498) — (1909). Kritisoho Bomorkungen zum Trypanosomcnproblem. A.S.T.H., 

xiii., p. 301. 

(499) Robertson, M. (1906). Certain Blood-inhabiting Protozoa. Proc. R. 

Phys. Soc. Edinburgh., xvi., p. 232. 

(500) — (1907). A Trypanosome found in the Alimentary Canal of Pontohdella 

muricata. Ibid., xvii., p, 83. 

(501) — (1909). Life-Cycle of T. vittalm. Q.J.M.S., liii., p. 665. 

(502) — (1909). A Trypanosome found in the Alimentary Tract of Ponlobdella 

muricata. Q. J.M. 8. , liv., v>. lid. 

(503) — (1911). Transmission of Flagellates living in the Blood of bishcs. 1 Ini. 

Trans. (B.), ccii., p. 29. n u v u i' 

(504) Roden WALDT, E. (1909). T. lewisi \n Ummatopinus spinulosus. t.IS.B.t'.K. 

(I Abth. Orig.), lii., p. 30. * 



492 


THE PROTOZOA 


(505) Rosenbusch, F. (1909). Trypanosomcn-studien. A.P.K., xv., p. 263, 

(.506) Roubaud, E. (1909). I^s Trypanosomes pathogbncs ct la Glossina palpalis. 
Rapport de la Mimon d'Etudes de la Mtdadie du Sommeil an Comjo Fran- 
rais (Paris, Masson et Cio.), p. 511. 

” (507) — (1910). Ph(f‘nonK‘nos morphologiques du D6veloppcmcnt des Trypano- 
somes chez les (llossincs. C.R.A.S., cli., p. 1150. 

(508) Stassano, H. (1901 ). La Fonction et Relation du petit Noyau des Trypano- . 
somes. C.R.S.B., liii., p. 4G8. 

(.509) Stkvhkns, J. W. VV., and Fantham, H. B. (1911). Peculiar Morphology of 
a Trypanosome from a Case of Sleeping Sickness [T. rJtodesiense). P.R.S. 
(B.), Ixxxiii,, p. 28. 

(510) Stockman, S. (1910). A Trypano.some of British Cattle. Journ. Comp. 

Pathol. Therapeut., xxiii., p. 189. 

(511) Strickland, 0. (1911). Mechanism of Transmission of T. lewiai by the Rat- 

Flea. Brit. Med. Journ., 1911, p. 1049. 

(512) — and Swellenorebp^l, N. H. (1910). On T. lewisi and its Relation to 

Certain Arthropoda. Py., iii., p. 430. 

(513) Stuhlmann, F. (1907). Die Tsetsefliegen [Qlossina Jusca und Ql. tachinoides). 

A.K.O.A., xxvi., p. 301. 

(514) SwELLENOREBEL, N. H. (1009). Bau und Zellteilung von T. gamhiense 

und T. equimmi. Tijdschr. Ned. Dierk. Ver. (2), xi., p. 80. 

(515) — (1910). Fixation and Staining of T. lewisi. Py., iii., p. 226. 

(510) — (1910). Normal and Abnormal Morphology of T. lewisi. Ibid, p. 459. 

(517) — and Strickland, C. (1910). The Development of T. lewisi outside the 

Vertebrate Host. Ibid., p. 360. 

(518) (1911). Remarks on Dr. Swingle’s Paper, “The Transmission of 

T. lewisi by Rat-Fleas,” etc. Ibid., iv., p. 105. 

(519) Swingle, L. D. (1907). On T. lewisi, Trans. Amer. Micr. Soc., xxvii., 

p. 111. 

(520) — (1911). Transmission of T. lewisi by Rat-Fleas. Three New Herpeto- 

monads. Journ. Infect. Diseases, viii., p. 126. 

(521) Taute, M. (1911). Die Beziehungen der Glossina morsitans zur Schlaf- 

kranldieit. Z.H., Ixix., p. 553. 

(522) Thiroux, a. (1905). T. paddm. A.I.P., xix., p. 65. 

(623) — (1905). T. duttoni. Ibid., p. 564. 

(.524) Thomson, J. D. (1900). Blood-Parasites of the Mole. J.H., vi., p. 674. 
(525) — (1908). Cultivation of the Trypanosome found in the Blood of the Gold- 
tish. Ibid., viii., p. 75. 

(5‘0) Werbitzki, F. W. (1910). Blcpharopla-stlcse Trypanosomen. G.B.B.P.K. 
(I Abth. Orig.), liii., p. 303. (See also Bulletin of the Sleeping Sickness 
Bureau, vol. iii., pp. 221, 313, and 458, for further references.) 

(527) Woodcock, H. M. (1910). On Certain Parasites of the Chaffinch {Fringilla 

coelebs) and the lledpoll {Linoia rufescens). Q.J.M.S., Iv., p. 641, 

(528) Yakimofe, W. L., Koiil-Yaki.moff, N., and Korssak, D. W. (1910). 

T. kor.^saki of Mus agrarius, Piroplasmoses of Mus agrarius. Reindeer, 
Yak, and Bears. C.B.B.P.K. (1 Abth. Orig.), Iv., p. 370. 

(.529) Zupitza, M. (1909). Dio Vogel- und Fischtrypanosomcn Kameruna. 
A.B.T.Il., xiii., Bciheft 3, p. 101. 

(c) Crithidia, Leptomonas, Herpetomonas, etc. 

See also No. 84. 

(530) Boukt, G., and Roubaud, E. (1911). La Pr6scnce au Dahomey et Trans- 

mission du Leptomonas davidi. G.R.8.B., Ixx., p. 65. 

(531) Chatton, E. (1909). Un Trypanosomide nouveau d’une Nyct6ribic, et les 

Relations des Formes Trypanosoma, Herpetomonas, Leptomonas et 
Crithidia. G.R.8.B., Ixvii., p. 42. 

(532) — and Alilaire, E. (1908). Coexistence d’un Leptomonas et d’un Trypano- 

soma chez un Muscide non vulnerant, Drosophila confusa. C.B.8.B., 
Ixiv., p. 1004. 

(533) — and Leoer, A. (1911). Eutrypanosoracs, Leptomonas et Leptotrypano- 

somes chez Drosophila confma (Muscide). C.R.8.B., Ixx., p. 34. 

(534) (1911). Quelques Leptomonas do Muscides et leurs Leptotrypano- 

somes. Ibid., p. 120. 

(535) DuNKEBiiY, J. S. (1911). Life-History of Lept. muscce-domesticcB. Q.J.M.8., 

Ivi., p. 646, 



BIBLIOGRAPHY 


493 


(636) Flu, P. C. (1911). Dio im Darm der Stubenlliogo vorkomnu-iidcn nroto- 
zoaren Gebilde. G.B.flP.K, (1 Abth. Orig.), Ivii., p. 622. 

(537) FKANgA, C. (1911). L’Existence on Portugal do Lept. davidi dans Ic UU x de 

Euphorbia peplus ot E. segeialis. BM.P.E., iv., p. 6.12. 

(538) — (1911). Notes sur Lept. davidi. Ibid., p. 009. « 

(539) Georgewitch, J. ( 1909). Le dcveloppement do Crithidia dm \ilm. C. I{.S. H., 

^ Ixvii., p. 517. 

(540) Lafont, a. (1910). La Presence d’un Leptomonas . . . dans le Latex de 

Trois Euphorbiacccs. /I./.P., xxiv., p. 205. 

(541) — (1911). La Transmission du Lept. davidi dcs Euphorbes par un Hernip- 

terc. C.R.S.B., Ixx., p. 58. 

(542) Leger, L. (1902). La Structure et Multiplication des Elagelles du Genre 

Herpetomonas Kent. C.lt.A.S., cxxxiv., p. 781. 

(543) — (1902). Un Flagelle Parasite de V Anopheles maculipennis. C.lt.S.B., 

liv., p. 354. 

(544) — (1904). Un nouveau Flagell5, Parasite dcs Tabanides. G.R.S.B., Ivii., 

p. 613. 

(545) — (1904). Lcs Affinit6s do V Herpetomonas subidala et la Phylogenie des 

Trypanosomes, G.R.S.B., Ivii., p. 015. 

(540) — and Duuoscq, 0. (1909). Parasites do ITntcstin d’uno Lnvvcdo Plyc hop- 
tera. Bull. Acad. Belgique, No. 8, p. ^85. 

(547) MacKinnon, D. L. (1910). New Parasites from Trichopiera. Py., iii., p. 245. 

(548) — (1910). Herpetomonads from Dung-Flic.s. Ibid., p. 25^>. 

(549) — (1911). More Protozoan Parasites from Trichoptera. Ibid., iv,, j). 28. 

(550) Patton, W. S. (1908). Life-Cycle of a Species of Crithidia parasitic in 

Gerris fossarum. A.P.K., xii., p. 131. 

(551) — (1908). llerp. lygmi. A.P.K., xiii., p. 1. 

(552) — (1909). Life-Cycle of a Species of Grithidia i)arasitic in Tahanus hilarius 

and Tabamis sp. A.P.K., xv., p. 333. 

(553) — (1910). Lifection of the Madras Bazaar Fly with llerp. muscm-doinesticm. 

B.S.P.E., iii., p. 204. 

(554) Porter, A. (1910). Grithidia vielophagia. Q.J.M.S.,U., p. ISd. 

(555) — (1909). Grithidia gerridis. fh/M d*, p. 348. 

(550) — (1909). Life-Cycle of //(-rp. /it'd., p, 367. 

(667) Prowazek, S. v. (1904). Die Entwicklung von Herpetomonas. A.K.O.A., 

XX., p. 440. 

(567‘5) Roubaud, E. (1911). Gyslolrypanosoma inteslinalis. C.R.S.B., Ixxi., 
p. 300. 

(668) Strickland, C. (1911). A Herpetomonas parasitic in the common Grccn- 

bottlo Fly, LucUia sp. Py., iv., p. 222. 

|559) SwELLENGREBEL, N. H. (1911). Morpliology of Herpetomonas and 
Grithidia, etc. Ibid., p. 108. 

(500) Werner, H. (1908). Eine oingeisseligo Flagellatcnform im Darm dor 
Stubonllicgo. A.P.K., xiii., p. 19. 


(d) Leishmania, etc. 

See also No. 84. For refercnco.s to literature and critical summaries and reviews, 
see Kola Azar Bulletin (Royal Society, London). 

(501) Basilb, C. (1910). Loishmaniosi del Cane e rOs])ite intermedio del Kala- 
Azar infantile. Rend. Acc. Lincei (5), xix. (2), p. 523. 

(562) — (1911). Trasmissione dello Ixiishmaniosi. (5), xx. (1), p. oO. 

(663) — (1911). Loishmaniosi o suo Modo di Trasmissione. Ibid, (o), xx. ( 

(504) La Cava, F., and Visentini, A. (1911). L’ Identita delle Lcishmaiiiosi. 

Ibid., p. 150. , T • f w f 

(566) Darling, S. T. (1909). IIistopla.sma capstdatum and the Lesions ot Histo- 
plasmosis. J.E.M.,x\.,p. ^15. , J- I n ..o. 

(506) Donovan, C. (1909). Kala-Azar in Madras. Bombay Mediced tong , 
February 24, 1909. f 

(607) Leishman, W. B., and Statham, J. C. B. (1005). T)cvelopment o the 
Leishman Body in Cultivation. Journ. R. A. Med. Corps, iv., P* *r •. 
(568) Marshall, W. E. (1911). Pathological Report, Kala-Azar Commission. 

Rep. Wellcome Lab., iv., p. 157. . n u p f 

(669) Marzinowsky, E. J. (1909). Cultures de Leishmania tropica, 
ii., p. 691. 



494 


THE PROTOZOA 


(570) Nicolle, C. (1909). Le Kala-Azar infantile. A.I.P., xxiii., p. 361. 

(571) — and Comte, C. (1908). Origine canine du Kala-Azar. G.R.A,8., oxlvi., 

p. 789. 

(572) Now, F. G. (1909). Leishmania infantum. B.S.P.E., ii., p. 385. 

• (573) Patton, W. S. (1908). The Leishman-Donovan Parasite in Cimcx rotun- 
datus. xxxi. 

(574) — (1908). Inoculation of Dogs with the Parasite of Kala-Azar {Ilerpeto- , 

monas [Leishmania] donovani). Py., i., p. 311. 

(575) — (1909). The Parasite of Kala-Azar and Allied Organisms. Trans. Soc. 

Trap. Med. Hygiene, ii., p. 113. 

(576) Rogers, L. (1904). Trvpa nosomes from tho Spleen Protozoic Parasites of 

Cachexial Fevers and Kala-Azar. Q.J.M.S., xlviii., p. 367. 

(577) — (1907). Tho Milroy Ix'ctures on Kala-Azar. Brit. Med. Jouru., 

February 23, March 2 and 9. 

(578) Row, R. (1909). Development of the Parasite of Oriental Sore in Cultures. 

Q.J.M.S., liii., p. 747. 

(579) Thiroux, a., and Teppaz, L. (1909). La Lymphangitc epizooiique des 

Equides au Senegal. A.I.P., xxiii., p. 420. 

(580) ViSENTiNi, A. (1910). Ija Morfologia ed il Ciclo di Sviluppo della Leishmania. 

Istituto d. Clin. Med. d. R. Univ. Roma. 

(581) Wright, J. H. (1903). Protozoa in Tropical Ulcer (“ Delhi Sore ”). Journ. 

Med. Research, x. (n.s. v.), p. 472. 


(e) Prowazekia. 

(582) Alexeiefe, A. (1911). La Morphologie et la Division de Bodo caudatus. 

C.R.8.B., Ixx., p. 130. 

(582-5) Dunkerly, J.S.(1912). Thelohania nnd Prowazekia in Anthomyid Flies. 
C.B.Ii.P.K. (I Abth. Orig.), Ixii., p. 136. 

(583) Hartmann, M. (1911). Die Flagellatenordnung Binucleata und die 

Gattune Prowazekia. A.P.K., xxii., p. 141. 

(584) Martini, II. (1910). Pr. cruzi und ihre Beziehungen zur Atiologie von 

ansteckenden Darmkrankheitcn zu Tsingtau. Z.U., Ixvii., p. 275. 

(585) Naegler, K. (1910). Pr. parva. A.P.K., xxi., p. 111. 

(586) Walker, E. L. (1910). Trypanopiasma ranee. Journ. Med. Research, xndxx., 

(n.s. XVllL), p. 391. 

(587) Whitmore, E. R. (1911). Pr. asiatica. A.P.A., xxii., p. 370. 


CHAPTER XIV 


SPOROZOA-TELOSPORIDIA 


(a) General Works. 

*(588) Hagenmuller (1899). Bibliotheca S|)orozoologica. Ann. Mus. Nat. 
Hist. Marseille (2), i. 

*(589) Minchin, E. A. (1903). The Sporozoa. A Treatise on Zoology (Lankester) 
(Ixjndon, A. and C. Black), p. 1.50. 

(590) Woodcock, H. M. (1910). Sporozoa. Encyclop. Brit., eleventh edition, 
XXV., p. 734. Coccidia. Ibid., vi., p. 615. Gregarines. Ibid., xii., 
p. 555. Hflcmosporidia. Ibid., xii., p. 806. Endospora. Ibid., ix. 


, (b) Gregarines. 

See also Nos. 72, 84, and 123. 

(591) Awerinzew, S. (1909). Dio Vorgiingc dor Schizogonio bci Gregarinon aus 

dem Darm von Amphiporus sp. A.P.K. , xvi., p. 71. 

(592) Beauchamp, P. de (1910). Une Gregarine nouvelle du Genre Porospora. 

C.R.A.S., cli., p. 997. 

(593) Berndt, a. (1902). Dio im Darme dcr Larve von Tenebrio molitor lebonden 

Gregarinen. A.P.K., i., p. 375. 

(594) Brasil, L. (1905). La Reproduction des Gregarines monocystidees. 

A.Z.E.fi), in., p. 11. 



BIBLIOGRAPHY 


495 


(595) Brasil, L. (1905). La Reproduction des Gregarincs moi\ocyatidce 3 . 

A.Z.E. (4), iv., p. 69. 

(596) — (1907). I^a Schizogonio et la Croissiincc dcs Gametocytea clii-z ISdi nidium 

caulhryi. A.P.K., viii., p. 370. 

(597) — (1909). Documents sur quolques Sporozoaircs d’Aniulides. A.P.K., 

xvi., p. 107. 

(598) CoGNETTi DE Martiis, L. (1911). Lo Monocistidcc e loro Fonoinoni ripro- 

duttivi. A.P.K., xxiii., p. 205. 

(599) Comes, S. (1907). Dor Chromidialapparat dcr Gregarincn. A.P.K. , \. 

p. 416. 

(600) Crawley, H. (1905). Movements of Gregarines. Proc. Acad. Philaddi>hia, 

Ivii., p. 89. 

(601) Cunningham, J. T. (1907). Kdpidorhynchus arenicolo}. A.P.K., x.,\\ 

(602) Dogiel, V. (1906). Cy,<itobia chiridotce. A. P.K., vii., ]). 106. 

(603) — (1907). Kchizocysiis sipunmli, A.P.K., viii., p. 203. 

(604) — (1909). Dio Sporocysten dcr Cdlom-Monocystidece. A.P.K., x\\., p. VdK 

(605) — (1910). CdlynlhrocMatnys phroniince. A.P.K., xx., p. W. 

(606) — (1910). Einige neue Catcnata. Z.tv.Z., xciv., p. 400. 

(607) Drzewecki, W. (1903, 1907). Vegetative Vorgiingo im Korn und Plasma 

dcr Gregarincn des Regcnwurmhodcns. A.P.K., iii., p. 107. 1 1. Htornalo- 
phora coronata. Ibid., x., p. 216. 

(608) Duke, H. L. (1910). Mctamcra schuhergi. Q.J.M.H., Iv., p. 261. 

(609) Fantiiam, H. B. (1908). The Schizogregarines. P//., i., p. 309, 

(610) Hall, M. C. (1907). A Study of some Gregarines, with especial Kehjrencc to 

Hirmocystis rigida. Stud. Zod. Lab. Univ. Nebraska, vii., p. 149. 

(611) Hesse, E. (1909). Les Monocystidecs des Oligochbtes. A.Z.E. (5), iii., 

p. 27. 

(611'5) Hoffmann, R. (1908). Fortpllanzungscrschcinungen von Monocystideen 
des Lumbrkus agrieda. A.P.K., xVu., p. 139. 

(612) Huxley, J. S. (1910). Ganymedcs anaspidis, Q.J.M.S., Iv., p. 1.55. 

(613) Kusciiakewitsch, S. (1907). Vorgiinge bei den Gregarincn des Mchlwurm- 

darms. A.P.K., Suppl. 1., p. 202. 

(614) Leg ER, L. (1904). La Reproduction sexueo chez les A.P.K., 

iii., p. 303. 

(615) — (1904). Sporozoaircs Parasites de VEmbia Sdieri. Ibid., p. 358. 

(616) — (1906). Tc&niocyslis mira. .<'1.7\A., vii., p. 307. 

(017) — (1907, 1909). Les Schizogregarines des Tracheates : I. OphryocysUs. 
A.P.K., viii., p. 159. 11. Schizocy.stis. Ibid., xviii., p. 83. 

(618) — and Duboscq, 0. (1902). Les Gregarines ct I’Epithelium intestinal chez 

les Tracheates. Arch. Parasitd., vi., p. 377. 

(619) (1903). Lo Developpcmeiit dcs Gregarines Stylorhynchides ct Steno- 

‘ phorides. A.Z.E. {A), i., Notes ct Revue, p.\:^xxix. 

(020) (1904). Les Gregarines ct rEpithelium intestinal des Iracheates. 


A.P.K., iv., p. 335. 


— (1909). La Sexualite chez les Gregarines. A.P.K., xvii., p. 19. 

— (1911). Deux noil voiles Especes de Gregarines appartenant au Gei 


(621) _ 

(022) (1911). . . 

Porospora. Ann. Univ. Grenoble, xxi\\.,p. Adi. 

*(623) LtliiE, M. (1904). Die Sporozoiten, die Wachstumsperiode und die ausge- 
hildeten Grcgarinen. A.P.K., \v., p. SS. j- t i 

(624) Nusbaum, j. (1903). Fortpllanzung eiuer Gri'guvma-Schaudinclla henlem. 

Z.W.Z., lxxv.,p. 281. 1 T'l i. • 1 1 « 

(625) Paehler, F. (1904). Die Morphologic, Fortpllanzung und Entwicklung von 

Gregarina ovata. A.P.K., iy., p. dA. 

(626) Pfeffer, E. (1910). Dio Grcgarinen im Darni der Larve von t 

mditor. A.P.K., xix., p. 107. . ir oos 

(627) Porter, A. (1909). Merogregarirm amarcmcii. A.i .A., xv., p. ^ 

(628) Robinson, M. (1910). On the Reproduction of Kaljndorhynchus aremedw, 

(629) ScimLACK, C. (1907). Die Entwicklung und Fortpllanzung von Echinoinera 

hispida. A.P.K., ix., p. 297. . , 

(630) — (1908). Die solitiire Encystierung bei Gregarincn. 

(631) SCHNITZLER, H. (1905). Dio Fortpllanzung von Uepsidnna 

(032) Woodcock H. M. (lUOO). Uk-Cyehor C’jMiti" irwjulori^- Q.J.M.S. 

1., p. 1. 


Z.A., xxxii., p. 597. 
ovata. A.P.K., 



496 


THE PROTOZOA 


(c) Coccidia. 

Seo also Nos. 47, 83, 94, 99, and 147. 

*(633) Blanchard, R. (1900). Les Coccidios et leur Rule pathogenc. Causeries 
Sci. 8oc. Zool. France, p. 133. 

*(634) Chagas, C. (1910). Addea hartmanni. M.I.O.G., ii., p. 168. 

(636) Dakin, W. J. (1911). Merocystis kathm. A.P.K., xxii,, p. 145. 

(635’6) Debaisieux, P. (1911). Recherchcs sur los Coccidies. La CeUvle, xxv'n., * 
pp. 89 and 257. 

(636) Dobell, C. C. (1907). Life-History of Addea ovata. P.R.8. (B.), Ixxix., 

p. 165. 

(637) Elmassian, M. (1909). Goccidium rouxi, Zoomyxa legeri. A.Z.E. (5), ii.. 

p. 229. 

(638) Fantham, H. B. (1910). Eimeria {Goccidium) avium. P.Z.8., 1910, p. 672. 

(639) — (1910). Avian Cocoidiosis. Ibid., p. 708. 

(640) Hadley, P. B. (1911). Eimeria avium. A.P.K., xxii., p. 7. 

(041) Jollos, V. (1909). Multiple Teilung und Reduktion bei Addea ovata. 
A.P.K., XV., p. 249. 

(642) Kunzb, W. (1907). Orcheobiua her'pdbddlm. .d.P.A"., ix., p. 382. 

(643) Laveran, a., and Pettit, A. (1910). Uno Coccidio de Agama cdonorum. 

{Gocc. agamce). G.R.8.B.,.\xvii\., p. 161. 

(644) Leger, L. (1911). Garyospora sini'^ex, et la Classification des Coccidios. 

A.P.K., xxii., p. 71. 

(645) — and Duboscq, 0. (1908). volution schizogoniquo de V Aggregata 

{Eucoccidium) eherthi. A.P.K., xii., p. 44. 

(646) (1910). 8denococcidium intermedium. A.Z.E. (6), v., p. 187. 

(647) Metzner, R. (1903). Goccidium cuniculi. A.P.K., ii,, p. 13. 

(648) Moroff, T. (1906). Addea zonula. A.P.K., viii., p. 17. 

(649) — and Fiebiger, J. (1905). Eimeria suhepithdialis. A.P.K., vi., p. 166. 

(650) Perez, C. ( 1903). Le Cycle cvolutif dc V Addea mesnili. A.P.K., \\., p. 1. 

(651) ScHELLACK, C., and Reichenow, E. (1910). LitJiobius-^cckMen. Z.A., 

• xxxvi., p. 380. 

(652) Siedlecki, M. (1898). La Coccidio de la Seiche. A.I.P., xii., p. 799. 

(653) — (1907). Caryotropha mesnilii. B.A.8.G., 1907, p. 453. 

(654) Stevenson, A. C. (1911). Cocoidiosis of the Intestine of the Goat. Eep. 

Wellcome Lab. Khartoum, iv., p. 355. 

(665) Tyzzer, E. E. (1910). Gryptosgx^ridiufn muris of the Common Mouse. 

Journ. Med. Research, xxiii. (n.s. XVIII.), p. 487. 

(656) Woodcock, H. M. (1904). On Klossidla muria. Q.J.M.8., xlviii., p. 153. 


CHAPTER XV 

HASMOSPORIDIA 

(a) General Works. 

♦(657) Laveran, A. (1905), Hasmocytozoa. B.I.P., iii., p. 809. 

♦(658) Schaudinn, F. (1899). Der Generationswechsel der Coccidien und Hasmo- 
sporidien. Zool. Gentralbl., vi., p. 765. 

(659) Wasielewski (1908). Studien und Mikrophotogramme zur Kenntnisso der 

pathogenon Protozoen. II. Untorsuenungen fiber Blutschmarotzer. 
Leipzig : Barth. 

(b) Hamamoebee. 

See also Nos. 130 and 686. 

(660) Aragao, H. de B., and Neiva, A. (1909). Intraglobular Parasites of 

Lizards. PI. diplogloaai and PL tropiduri. M.I.O.G., i., p. 44. 

(661) Berbnberg-Gossler, H. v. (1909). Naturgeschichte der Malariaplas- 

modion. A.P.K., xvi., p. 246. 

(662) Bertrand, D. M. (1911). Les Parasites endoglobulaires pigment5s des 

Vort6br6s. Paris : Jouvo et Cie. 

(663) Billet, A. (1906). Une Forme particuliere de I’H^matozoaire du Palu- 

disme decrite par MM. Ed. et lilt. Sergent. O.R.8.B., Iviii., p. 720. 

(664) - (1906). La Forme h6mogregarinienne du Parasite de la Jihvre quarte. 

G.R.8.U., lx., p. 891. ^ 



BIBLIOGRAPHY 


(666) Billet, A. (1906). Diagnose difl^rentiellc dcs Formes anniilaires des 
Hematozqaires du Paludisme. C.R.S.B., Ixi,, p. 754. 

(666) — (1910). Evolution chez lo memo Sujet du Paludiamo tierco primairo on 

Paludismo tiorce secondairo. li.S.P.E., iii,, p. 187. 

(667) Cardamatis. J. P. (1909). Lo Paludisme des Oiseaux cn (Ir^cc. Ktude du‘ 

Parasite do Danilewsky. C.B.ti.P.K. (I Abth. Orig.), lii., p. ;i5l 

(668) Castellani, A., and Willey, A. (1904). Hiematozoa of’ Vertebrates in 

Ceylon. Spdia Zeylanica, ii., p. 78. 

(669) Darling, S. T. (1910). Transmission and Prevention of Malaria in the 

Panama Canal Zone. A.T.M.P., iv., p. 170. 

(670) Dobell, C. C. (1910). Life-History of lloemocystidium smondi. Herhouia 

Festschrift, i., p. 123. , 

(671) Flu, P. C. (1908). Affenmalaria. A.P.K., xii., p. 323. 

(672) Gilruth, J. J., Sweet, G., and Dodd, S. (1910). Proteosorna biziurm and 

Hcemogregarina megalocysiis. Proc. Boy. Soc. Victoria (n.s. ), xxiii. , p, 32 1 . 

(673) Grassi, B. (1901). Dio Malaria, Studicn cincs Zoologen. Jena : Gustav 

Fischer. 

(674) Halberstaedter, L., and Prowazek, S. v. (1907). Dio Malariaparasiten 

der Affon. A.K.O.A., xxvi., p. 37. 

(676) Hartmann, M. (1907). Das System der Protozoen. Zuglcioh vorliiufigo 
Mitteilung iiber Proteosorna. A.P.K., x., p. 139. 

(676) Mayer, M. (1908). Malariaparasiten bei Affon. A.P.K., xii., p. 314. 

(677) Neumann, R. 0. (1908). Die iJbertragung von Plasmodium prcecox au| 

ICanarienvogel durch Stegomyia fasciata. A.P.K., xiii., p. 23. 

(678) Ross, R. (1910). The Prevention of Malaria. London : John Murray. 

(679) Skrgent, Et., and Seroent, Ed. (1910). L’Imraunit6 dans lo Paludismo 

des Oiseaux, etc. G.R.A.8., oli., p. 407. 

(680) Thiroux, a. (1906). Des Relations do la Fibvro tropioale avco la Quarto ct 

la Tierce. A.l.P., xx., pp. 766 and 869. 

(681) Vassal, J. J. (1907). L’H6matozoaire do TEcurcil [Hcemamoeha vassali). 

A.l.P., xxi., p. 861. ’ 

(c) Halteridia. 

See also No. 132. 

(682) Anschutz, G. (1910). Uobortragungsvorsucho von Hmmoproteus oryzivorm 

und Trypanosoma paddee. G.B.B.P.K. (I Abth. Orig.), liv., p. 328. 

(683) Araoao, H. de B. (1908). Der Entwicklungsgang und die Ubertragung von 

Ilcemoproteus cdumhos. A.P.K., xii., p. 164. 

(684) Mayer, M. (1910). Die Entwicklung von JIalteridium. A.8.T.H., xiv., 

p. 197. 

(686) — - (1911). Ein Ildteridium und Leucocytozoon des Waldkauzes. A.P.K., 
xxi., p. 232. 

(685*6) Minchin, E. A. (1910). Report on Blood-Parasites collected by the 
Commission. Rep. Sleeping Richness Comm., x., p. 73. 

(686) Sergent, Ed., and Sbrgent, Et. (1907). Les H6matozoaires d’Oiseaux. 

A./.P., xxi., p. 261. ^ . 

(687) Woodcock, H. M. (1911). An Unusual Condition in Ilalteridium. Z.A., 

xxxviii., p. 466. 

(d) LencooytoEoa (Vera). 

See also Nos. 132, 473, and 686. 

(688) Berbstnefe, N. (1904). Das Leucocytozoon Danilewskyi. A.P.K., iii., 

(689) Fantham, H. B. (1910). Parasitic Protozoa of the Red Grouse. P.Z.8., 

1910, p. 692. „ ... „ 

(690) Wbnyon, C. M. (1910). On the Genus Leucocytozoon. Py., m., p. 63. 


(e) Hemogregarines. 

See also Nos. 78, 84, and 89. 

(691) Adib, J. R. (1906). '^Leucocytozoon ” ratti. Journ.Trop Mcd^ ix, p. 325. 

(692) Aragao, H. db B. (1911). Hamogregarinen von Vbgeln. M.i.U.v., in. 

(693) Balter, A. (1906). H. halfouri. Rep. Wellcome Lab. Kharj^um, ii., p. 96. 

(694) — (1906). " Leucocytozoon'' muris. /Wd., p. HO. 



498 


THE PROTOZOA 


(695) Berestnepf, N. (1903). Eine neue Blutparasiten der indischen Prosche, 

A.P.K., ii.. p. 343. 

(696) Billet, A. (1904). Trypanosoma inopinalum et DreiankUum, G.R.8.B,, 

Ivii., p. 161. 

([697) Boukt, G, (1909). H6mogregarincs do I’Afriquo ocoidontalo fran^aise. 
G.R,8.B„ Ixvi., p. 741. 

(698) Carini, a. (1910). “ H. muris.** Rev. Soc. 8ci. Sdo Paulo, v. 

(699) Christophers, S. R. (1905). //. gerhiUi. 8.M.I., 18. 

(700) — (1906). Leucocytozoon canis. S.M.L, 26. 

(701) — (1907). Leucocytozoon canis ill the Tick. S.M.L, 28. 

(703) Danilewsky, B. (1886). Lcs H6matozoairos des Lczards. Arch. Slav, 

Biol., i., p. 364. 

(704) — (1887). Los H6matozoairc8 des Tortucs. Ibid., iii,, pp. 33 and 370. 

(705) — (1889). Ija Parasitologic comparee du Sang. I. Nouvellos Reoherchos 

sur lea H^matozoaires du Sang des Oiseaux. II. Recherohes sur los 
H6matozoaircs des Tortucs. Kharkoff. 

(706) Fantham, H. B. (1905). Lankesterella tritonis. Z.A., xxix., p. 257. 

(707) Flu, P. C. (1909). Hamogrcgarinon im Bluto Surinaraischer Schlangen. 

A.P.K., xviii., p. 190. 

(708) Franc^^a, C. (1908). Une Hemogregarino do I’Anguille (//, beltencourli). 

A.I.G.P., ii., p. 109. 

(709) — (1908). H. splendens (Labbe). Ibid., p. 123. 

(710) — (1909). Hemogregarines do La^erla ocdlata. Ibid., p. 339. 

(711) — (1910). Parasites endooellulairea du Psammodromus algirus. Ibid., 

iii., p. 1. 

(712) — (1910). H^nogrcgarincs do Xacerfa Ibid., p. 21. 

(713) Hahn, C. W. (1909). H. stepanowi in the Blood of Turtles. A.P.K., xvii., 

p. 307. 

(714) Koidzumi, M. (1910). 11. sp. in ClemniifS japonicus. A.P.K., xviii., p. 260. 

(715) Laveran, a., and Pettit, A. (1909). I^a H6mogregarines do quelques 

Sauricns d’Afriquo. B.S.P.E., ii., p. 506. 

(716) (1910). Les Formes do Multiplication endogene do II. sebai. 

G.R.A.S., cli., p. 182. 

(717) (1910). II. agamm. G.R.S.B., Ixviii., p. 744. 

(718) (1910). Lc Role iVHyalomma Mgyplium L. dans la Propagation do 

II. mauriianica. G.-R, Assoc. France (Lille), p. 723. 

(719) Miller, W. W. (1909). llepatozoon perniciosum and its Sexual Cycle in 

the Intermediate Host, a Mite {Ldaps echidninus). Hygienic Laboratory 
Bulletin, No. 46 (Juno, 1908). 

(720) Neresheimer, E. (1909). Das Eindringen von Lankesterella spec, in die 

Froschblutkorperohcn. A.P.K., xvi., p. 187. 

(721) Patton, W. S. (1906). On a Parasite found in the Blood of Palm Squirrels. 

S.M.L, 24. 

(722) — (1908). The Htemogregarines of Mammals and Reptiles. Py., i., p. 319. 

(723) Porter, A. (1908). Leucocytozoon musculi. P.Z.8., 1908, p. 703. 

(724) Prowazek, S. v. (1907). Ueber Hamogregarinen. A.K.Q.A., xxvi., p. 32. 

(725) Robertson, M. (1910). Life-Cycle of II. nicorios. Q.J.M.8., Iv., p. 741. 

(726) Sambon, L. W.,and Seliomann, C, G. (1907). Hirmogregarinos of Snakes. 

Trans. Pathol. Soc. London, Iviii., p. 310. 

(727) Seitz (1910). Dio Hartmannscho Binukloaten. G.B.B.P.K. (I. Abth. 

Grig.), Ivi., p. 308. 


(!) Piroplasms. 

See also No. 528. 

(728) Bettencourt, A., Franca, C., and Borqes, I. (1907). Piroplasmoso 

bacilliformo chez lo Daim. A.I.G.P., i., p. 341. 

(729) Bowhill, T. (1906). Equine Piroplasmosis, or “Biliary Fever.” J.H., v., 

p. 7. 

(730) Breinl, a., and Hindle, E. (1908). Morphology, etc., of Piroplasma canis. 

A.T.M.P., ii., p. 233. I' 

(731) Bruce, D., Hamerton, A. E., Bateman, H. R., and Mackib, F. P. (1910). 

Amakebe : a Disease of Calves in Uganda. P.R.8. (B.), Ixxxii., p. 266. 
♦(732) Christophers, S. R. (1907). P. canis and its Life-Cycle in the Tick. 
S.M.L, 29. 

(733) Dschunkowsky, E., and Luhs, J. (1909). Protozoenkrankheiten des Blutes 
des haustiere in Transkaukasien. Ber. IX. Int. TierarzU. Kongr. Haag. 



BIBLIOGRAPHY 


499 


S’ von 

S™!”' Hi ’ P m O' (Me..: 

i» (737) CSoNDER, R. (1900). Achromalkus veiiperuginis. A.K.G.A., x\\v. p ‘’‘’o 

(738) — (1910). Rio Entwicldung von TA«j7ma ;>arm. A.P.K. xxi p 14*1 

(739) — (1911). Th. ?)ar?>a un<l Jinbesia mittans Kii-stonfioborparasit uiul Pscudo- 

kustenfioberparaait. Ibid., p. 222. 

(740) — (1911). Dio Entwicklung von TA. pam*. II. A.P K xvii p 170 

(741) Kinoshita, K. (1907). Babesia canis. A.P.K., viii., p. 294. ’ 

(742) Kleine, F. K. (1900). Kiiltivierung.svcrsuch dci Hundcpiroplasmon 

Z.H., liv., p. 10. 

(743) Koch, R. (1900). Entwicklungageschiclito dor Piroplasmcn. Ibid., p. 1. 

(744) Mayer, M. (1910). Das o.stafrikani.scho Kiistenficber dor Rinder. A.S.T H 

xiv., Beiheft 7, p. 307. 

(746) Neumann, R. 0. (1910). Die Blutparasitcn von Vespemgo. A.P.K., 

xviii., p. 1. 

(740) Nicolle, C. (1907). Une Piroplasmoso jiouvello d’un Rongeur. G.K.8.B. 
Ixiii., p. 213. 

(747) Nuttall, G. H. F., and Fantham, H.B. (1910). TheUeria parva. Py. 

iii., p. 117. 

*(748) — and Graham-Smith, G. S. (1900, 1907). Canine Piroplasmosis V. and 
VI. J.II., vi., p. 585 ; vii., p. 232. 

(749) (1908). Multiplication of Pirojiasma hovis, P. pithed in the circu* 

lating Blood compared with that of P. canis. Py., i., p. 134. 

(750) (1908). Devolopinent of P. canis in Culture.^. Ibid., p. 243. 

(751) Smith, T., and KiIwBOrne, F. L. (1893). Southern Cattle Fever. 11.8. 

Dept, of Agriculture, Eighth and Ninth Reports Bureau Animal Industry 
1891, 1892, p. 77. 

(752) Theiler, a. (1910). Texasficber, Rotwasser und Gallciikrankh''it dcr 

Rinder. Zeitschr. f. Infeklionskrankheiten der Hauslitre, viii., p. 39. 

(753) Yakimoff, W. L., Stolnikoff, W. J., and Kohl-Yakimofp, N. (1911). 

L. Achromaticus vesperuginus. A.P.K., xxiv., p. 00. 

(g) Incertee Sedis. 

(754) Nicolle, C., and Manceaux, L. (1909). Un Protozoaire nouveau du Gondi. 

O.R.A.S., cxlviii., p. 309. 

(755) Patella, V. (1910). Corps de KurlofT-Deniel dans quelques Mononucleaircs 

, du Sang des Cobayes. La Oenese Endotheliale des Leucocytes Mono- 

nudeaires du Sang (Siena, Imprimeric St. Bernardin), p. 211. 

(756) Seidelin, H. (1911). Protozoon-like Bodies in Yellow-Fever Patients. 

Journ. Pathd. Bacterial., xv., p. 282. 

(757) — (1911). Etiology of Yellow Fever. Yellow Fever Bureau Bulletin, i., 

p. 229. 


CHAPTER XVI 

SPOIIOZOA— NEOSPORIDIA 

A. CNIDOSrORIDIA 

(a) General Works. 

*(768) Auerbach, M. (1910). Die Cnidosporidien. Leipzig ; Werner Klinkhardt. 

(b) Myxosporidia. 

(769) Awerinzbw, S. (1909). Dio Sporenbildung bei Ceratomyxa drepanopsettee. 
A.P.K., xiv., p. 72. 

(760) — (1911). Sporenbildung bei Myxidium sp. aus der Gallenblase von Gottus 

scorpius. A.P.K., xxiii., p. 199. 

(761) Chatton, E. (1911). Paramyxa paradoxa. G.R.A.S., clii., n. 631. 

(762) Doplein, P. (1898). Myxoaporidien. Zool. Jahrbiicher (Abth. /. Anat, u. 

Ontog.), xi., p. 281. • 



500 THE PROTOZOA 

(763) Keysselitz, G. (1908). Dio Kntwioklung von Myxohdua pfeifferi, I. and IL 

A. P.K., xi., p. 252. 

(764) Leger, L., and Hesse, E. (1906). La Paroi sporalc dcs Myxosporidies. 

, G.R.A.8., cxlii., p. 720. 

( 755 ) _ _ (1907). Goccomyxa morovL G.R.A.8., cxlv., p. 85. 

(765-5) Mercier, L. (1910). I^a scxualit6 chez les Myxosporidies ot chcz Ics 
Microsporidies. Acad. Roy. Belgique, Mim. 8/o. (2), ii., No. 6. 

(766) Plehn, M. (1904). Die Drchkrankheit der Salmoniden {Lentospora cere- 

hralis). A.P.K., v., p. 145. 

(767) Schroder, 0. (1907). Entwicklung.sgeschichte der Myxosporidien. 

8phcBrornyxa lahrazesi {sahrazeai). A.P.K., ix., p. 359. 

(768) — (1910). Die Anlage der Sporooyste (Pansporoblastcn) bei 8phmromyxa 

sahrazeai. A.P.K., xix., p. 1. 

(o) Actinomyxidia. 

(769) Caullery, M., and Mesnil, F. (1905). 8ph<jeractinom.yxon stdci. A.P.K., 

Vi., p. 272. 

(d) Microsporidia. 

(770) Awerinzew, S., and Fermor, K. (1911). Dio Sporenbildung boi Qlugea 

anomala. A.P.K., xxiii., p. 1. 

(771) CiiATTON, E., and Krempf, A. (1911). Lcs Protistes du genre Octosporea. 

B. 8.Z.F., xxxvi., p. 172. 

(772) Hesse, E. (1904). Lo D^vcloppcmont do Thelohania legeri. G.R.S.B., 

Ivii., p. 571. 

( 773 ) _ (1905), Myxocystis mrazeki. G.R.8.B., Iviii., p. 12. 

(774) L^oer, L.. and Dubo.soq, 0. (1909). Perezia lankesterieB. A.Z.E. (5), 

i.. Notes et Revue, p. Ixxix. 

( 775 ) — and Hesse, E. (1910). Cnido.sporidies des Larves d’Eph6mer6s. 

. G.R.A.8., cl. p.m. 

(776) Mercier, L. (1908). Neoplasio du Tissu Adipeux chcz lcs Blattcs Parasitees 

par uno Microsporidie. A.P.K., xi.,'p. 372. 

(777) Mrazek, a. (1910). Auffassung dor Myxocystiden. A.P.K., xviii., p. 245. 

(778) Perez, C. (1904). Uno Microsporidie parasite du Garcinua mmnaa. 

G.R.S.B., Ivii., p. 214. 

( 779 ) (1905). Microsporidies Parasites dcs Crabes d’Arcachon. Bull. 8tat. 
Bid. Arcachon, viii. 

(780) _ (1908). Duhoacqia legeri. G.R.8.B., Ixv., p. 631. 

(781) Schroder, 0. (1909). Thelohania chastogaatria. A.P.K., xiv., p. 119. 

(782) ScHUBERO, A. (1910). Miorosporidionausdem Hodcndor Barbo. A.K.G.A., 

xxxiii., p. 401. 

(783) SniWAQO, P. (1909). Vcrmehrung bei Pleiatophora periplanetm. Z.A., 

xxxiv., p. 647. 

(784) Stempell, W. (1904). Noaema anornalum. A.P.K., iv., p. 1. 

( 785 ) — (1909). Noaema bomhycia. A.P.K., xvi., p. 281. 

( 786 ) — (1910). Morphologie der Microsporidion. Z.A., xxxv., p. 801. 

(787) Weissenbkro, li. (1911). Einige Mikrosporidien aus Fisohen [Noaema 

lophii, Qlugea anomala, 01. Hertwigii). 8.B.O.B., p. 344. 

(787*5) Woodcock, H.M. (1904). On Myxosporidia in Flatfish. Trana. Liverpod 
Bid. 8oc., xviii., p. 126. 

(e) Sarcosporidia. 

See also Nos. 18, 26, and 26. 

(788) Betegh, L. V. (1909). Entwicklungsgange der Sarcosporidien. G.B.B.P.K. 

(I Abth. Orig.), lii., p. 566. 

(788*6) Crawley, H. (1911). Sarcocyatia rUeyi. Proc. Acad. Philadelphia, 1911, 
p. 467. 

(789) Darling, S. T. (1910). Experimental Sarcosporidiosis in the Guinea-Pig. 

J.E.M., xii., p. 19. 

(790) Erdmann, R. (1910). Kcm und motachromatisohe Korper bei Sarko* 

sporidien. A.P.K., xx., p. 239. 

( 791 ) — (1910). Barcocyatia muria in der Muskulatur. 8.B.Q.B., p. 377. 

(792) Fiebioer, J. (1910). Sarkosporidien. Verh. Zod.-Bot. Qea. Wien, lx., 

p. (73): 



BIBLIOGRAPHY 


501 


(793) LAVERAN^A.,,a«d Mesnii., P. (1899). U Morpl,„logi„ fe 

(79-4) Neore L (1910) Le Stodo mteatiiml do Ia Haroosporidio do la Souris ' 
G.R.8.B., Ixvm., p. 997. 

(795) Negri, A. (1908, 1910). Ueber Sarkosporidien, I. aiul 11. C B BB 
(I Abth. Orig.), xlvii., pp. 56 and 612 ; HI., Ibid., Iv. p 37*1 

(797) Teichmann. E. (1911). Dio Teilungcn der Kcimc in dor Cystc von Sarco- 

cystk tcndla. A.P.K., xxii., p. 239. 

(798) VuiLLEMiN, P. (1902). Sarcocystis tendla. C.R.A.S., cxxxiv., p. 1152. 

(799) Watson, E. A. (1909). Sarcosporidiosis : Its Association ' with Loco- 

Disease, eto. Jourii. Comp. Paifid. TherapeuL, xxii., p. 1. 

B. Haplo.sporidia. 

(800) Beattie, J. M. (1906). Rhinosporidium kinedyi. Joiirn. Pathol. Backriol. 

xi., p. 270. 

(801) Caullery, M., and Chappellier, A. (1906). Amro^pondiam pdmeri. 

G.R.8.B.,lx..p.m. 

(802) — and Mesnie, F. (1905). Lcs Haplosporidios. A.Z.K. (4), iv., p. 101. 

(803) Chatton, E. (1907). GauUeryn mesnili. G.R.8.B., Ixii., p. 529. 

(804) — (1908). Blaatvlidium pcedopht'iorum'. G.R.S.B., Ixiv., ]), 34. 

(805) Crawley, H. (1905). Godoaporidium Uatdlce. Proc. Acad. Philadelphia 

Ivii., p. 158. 

(806) King, H. D. (1907). Pertramia lujonis. Ibid., lix., p. 273. 

(807) Laveran, a., and Pettit, A. (1910). Une Epizootic dos Truites. G.R.A.8., 

cli., p. 421. 

(808) Minchin, E. a., and .L’antiiam, H. B. (1905). Rhinosporidium kincalyi. 

Q.J.M.8., xlix., p. 521. 

(809) Ridewood, W. 0., and Fantham, H. B. (1907). N vurosporidiwm ccph(dn- 

disci. Q.J.M.8., li., p. 81. 

(810) Robertson, M. (1908). A Haplosporidian of the (lenus Ichthyosporidiuiu. 

Proc. R. Phys. 8oc. Edinburgh, xvii., p. 175. 

(811) — (1909). An Ichthyosporidian causing Disease in .Sea-Trout. P.Z.8., 

1909, p. 399. 

(812) Stempell, W. (1903). Dio Cattung Polycaryum. A.P.K., ii., )>. 349. 

(813) Warren, E. (1906). Bcrtramia kirkmanni. Ann. Natal. Govt. Mus., i., p. 7, 

(814) WiilGHT, J. (1907). Rhinosporidium kincalyi. New York Med. Joarn., 

December 21. 

C. Incert^e Sedis. 

(815) Awerinzew, S. (1909). Lymphocyslis johistonei. A.P.K., xiv., p. 335. 

(816) — (1011). Die Entwicklungsgoschichtc von Lymphocystis johistonei. 

A.P.K., xxii., p. 179. 

(817) CiiATTON, E. (1906), Ija Biologic, etc., des Amwhidium. A.Z.E. (4), v., 

Notes et Revue, p. xvii. 

(818) — (1907). Panspordla perplexa. G.R.8.B., Ixii., p. 42. 

(819) — (1910). Oastrocystis gilruthi. A.Z.E. {1}), v., Notes et Revue, p. cxiv. 

(820) Gilruth, J. A. (1910). Oastrocystis gilruthi. Proc. Roy. Soc. Victoria {n.^.), 

xxiii., p. 19. 

(821) Granata, L. (1908). GapiUus intestinalis. Bidogica, ii., p. 1. 

(822) Krassilstschik, J. M. (1909). Ncue Sporozoen bei Insekten. A.P.K., 

xiv., p. 1. 

(823) L^oer, L., and Duboscq, 0. (1909). Lcs Chytridiopsis. A.Z.E. (5), i. 

Notes et Revue, p. ix. 

(824) Woodcock, H. M. (1904). Lymphocystis johnstonei. Trans. Biol. 8oc. 

Liverpool, xviii., p. 143. 



502 


THE PROTOZOA 


CHAPTER XVII 
INFUSORIA 
(a) General Works. 

(825) Hartoo, M. (1910). Infusoria. Encydop. Brit., eleventh edition, xiv., 
p. 557. 

*(82G) Hickson, S. (1903). The Infusoria. A Treatise on Zoology (Lankester) 
(London : A. and C. Black), p. 361. 

(b) Ciliata. 

See also, Nos. 10, 32, 33, 38-5, 44,50, 53, 73, 93, 96, 102, 104, 106-109, 111-113. 
115, 121, 122, 124-126, 136-143, 148, 149, 155, 162, 165-167, 170-173, 177, 181-183, 
197-199, 201, 205, 200, 208, 209, 211, 214-220, and 346. 

(827) Beauchamp, l\ de, and Collin, B. (1910). Sur Hastatdla radians. 

A.Z.E. (5), V., Notos et Revue, p. xxviii. 

(828) Busciikiel, A. L. (1911). Ichthyophthirius multi filiis. A.P.K., xxi., p. 61. 

(829) Caullery, M., and Mesnil, F. (1903). I^a Structure nuclcairo d’un Infu- 

soire Parasite des Actinies [Fattingeria actiniarum). C.H.S. B., Iv., p. 806. 

(830) (1907). L’Appareil nucleaire d’un Infusoire (/^Atzocrtryum cowcrtwm). 

G.R.Ass. Franc. Reims. 

(831) Ciii’EDE, C. (1910). Les Infusoires astonie.s. A.Z.E. (5), iii., p. 341. 

(831*5) Chatton, E. (1911). Perikaryon csticola and Conchophrys davidoffi. 

A.Z.E. (5), viii.. Notes et Revue, p. viii. 

(832) Collin, B. (1909^ Deux Formes nouvclles d’Infusoires Discotriches. 

A.Z.E. (5), ii. Notes et Revue, p. xxi. 

(883) Dobell,^ C. C. (1909). Infusoria para.sitic in Cephalopoda. Q.J.M.S., liii., 

(834) Faure-Frkmiet, E. (1905). L’Appareil lixateur chez les V orticdlidve. 

A.P.K.,y\.,p.m. 

(835) — (1907). Mitochondries et Spheropla.ste8 chez les Infusoires cilies. 

C.R.S.B., Ixii., p. 523. 

(836) — (1908). Tintinnidium inquilinum. A.P.K., xi., p. 225. 

(837) — (1908). Jj An£ystropodiu7n nmujHisi. /l./\ A'., xiii., p. 121. 

(838) — (1909). Le Maeronucleus des Infusoires ciliAs. B.S.Z.F., xxxiv., p. 55. 

(839) — (1910). Lo Mycterothrix tuamotuensis. A.P.K., xx., p. 223. 

(840) CoNDER, R. (1905). Kernvorhaltnissc bci den in Cephalopoden schraarot-* 

zenden Infusorien. A.P.K., v., p. 240. 

(841) Hamburger, C. (1903). Trachdius ovum. A.P.K., ii., p. 445. 

(842) — (1904). Dio Konjugation von Pamm<Br4M?«6wr5an‘rt. A.P.Iir., iv., p.l99. 

(843) — and Buddenbrock, v. (1911). Nordi.seho Ciliata mit Ausschluss der 

Tintinnoidea. Brandt and A])stein, Nordisches Plankton. 

(844) Joseph (1907). Kemverhiiltnisse von Loxodes rostrum. A.P.K., viii., 

p. 344. 

(845) Kasanzeff, W. (1910). Loxodes rostrum. A.P.K., xx., p. 79. 

(846) Kiernik, E. (1909). GhUodon hexastichus. B.A.8.G., p. 

(847) Kofoid, C. a. (1903). Protophrya ovicola. Mark Anniversary Volume, 

p. 111. 

(848) Leger, L., and Duboscq, 0. (1904). Les Astomata representcnt-ils un 

Groupe naturel ? A.Z.E. (4), ii.. Notes et Revue, p. xcviii. 

(849) (1904). Ia^s Infusoires endoparasites. A.Z.E. (4), ii., p. 337. 

(850) Martini (1910). IJber cinen bei amobonruhrahnlichon Dysenterien vor- 

kommendon Ciliaten. Z.U., Ixvii., p. 387. 

(851) Mast, S. 0. (1909). The Reactions of Didinium nasutum. B.B., xvi., p. 91. 
(851*5) Maupas, E. (1888). La Multiplication des Infusoires cilies. A.Z.E. (2), 

vi., p. 165. 

(852) Metcalf, M. M. (1907). Excretory Organs of Opalina. A.P.K., x., pp. 183, 

365. 

(853) — (1909). Opalina .* Its Anatomy, etc, A.P.K., xiii., p. 195. 

(854) Meunier, a. (1910). Microplankton des Mers do Barents et do Kara. 

Duo d’Orleans, Gampagne Arctique de 1907. Brussels. 



BIBLIOGRAPHY 


503 


(855) Mitrophasow, P. (1905). U Structuro, etc., dca Trichocystos doa I'anv- 
nieoies. A.P.K., v., ]\ IS. 

(85(5) Nkresheimer. E. li. (1903). Die Hohe Instologischcr DilTi iviiziorunir 
hetorotricheii Ciliaten. A.P.K., ii,, p, 305. ^ 

(857) Neresheimer, E. (1907). Dio Eortpilanzung der Opaliupii. A.P.IC: 

Suppl. i., p. 1. 

(858) — 0908). Fortpflanzung oinos parasitischcn Iiifusors {Ichiinjophthiriu.s) 

S.B.O.M.P., xxiii. 

(859) Prowazek, S. v. (1904). Der Encyatierungvorgang bci DiYfpfu.?. A.P.K., 

iii., p. 04. 

(860) — (1909). Conjugation veil xxxiv., p. ()2(). 

(801) — (1909). Eoriiidimorphisnms boi Ciliaten Ttifusoricn. di./.O.C., i., p. 10."). 

(862) Roux, J. (1899). Quclques Infuaoires cilies des Environs do Ccneve. Ih r. 

Suisse Zool., vi., p. 557. 

(863) ScHEWiAKOFF, W. (1893). Die geograpliische Vorbri'itung dor Susswassor- 

Protozocn. Mem. Acud. Imjj. St.-Petershourg (vii.), xli. 

(864) ScHRODKR, 0. (UK)6). Carnpanella umbcllaria. A.P.K., vii., p. 75. 

(865) — (1906). Epislylis jdicatilis. Ibid., p. 173. 

(866) — (1906). V orticella monilata. Ibid., p. 395. 

(867) — ■ (1906). Stentor carnleus und SI. roeselii. A.P.K., viii., ]>. 1. 

(868) ScnuBOTZ, H. (1908). Pycnothrix monocysloides. Denksrhr. Oes. Jam, xiii., 

p. 1. 

(869) ScHWEYKR, A. (1909). Tintinnodccnwoichkorper, etc. A.P.K., xviii., 

p. 134. 

(870) SiEULECKi, M. (1902). U Herpetophryu astoma. B.A.S.d, p. 350. 

(871) Stein, F. v. (1859, 1867). Der Organism us der Infusioiithiere : 1. Hypo- 

tricha ; 11. Hcterotricha. Ix^ipzig : W. Engel mann. 

(872) Stevens, N. M. (1904). On Licnophoramd Boveria. A.P.K., iii., p. 1. 

(873) Thon, K. (1905). Bau von Didinium nasuluni. A.P.K., v., ]). 281. 

(874) Walker, E. L, (1909). Sporulation in the Parasitic Ciliata. A.P.K., 

xvii., p. 297. • 


(c) Acinetaria. 

(875) Awerinzew, S. (1904). Astrophrya arenaria. Z.A., xxvii., p. 425. 

(876) Chatton, E., and Collin, B. (1910). Un Acinetien commensal dun 

. Copeqxide, Mhabdophrya trimorpha. A.Z.E. (5), v., Notes et Revue, 

p. cxxxviii. •• XT A 

(877) Collin, B. (1907). Sur quelqucs Acineticna. A.Z.E. (4), vii., Notes et 

Revue, p. xciii. 

(878) — (1908). Sur ToJcophrya cyclopum. A.Z.E. (4), vm.. Notes et Kcvue, 

p. xxxiii. A • ' • a p i 

(879) — - (1909). La Conjugaison gcmmiformo chez les Acinctiens. h.K.A.iS., 

cxlviii., p. 1416. i - - ' r i , 

(880) — (1909). Us Formes hypertropbiquos et la Croissancc degenerative cliez 

quelques Acinetiens. C.R.A.S., cxlix., p. 742. 

(881) — (1909). Sur deux Acin6ticns. Ibid., p. 1407. 

(882) — (1909). La Symctrie, etc., des Embryons d Acinetiens. i'-. 

Notes ct Revue, p. xxxiv. . 

(883) Filipjev, J. (1910). Tocophrya quadriparhta. A.l - A., xxi., p. lu. 

(884) Hartog, M. (1902). Notes on Suctoria. A./ .A., i., P-372. , 

(885) Hickson, S. J., and Wadsworth, J. T. (1902). Dendrocomeies paradoxus. 

Q.J.M.S.,x\y.,p.^25. , i- m 

(886) (1909). Dendrosoma radians. Q.J.M.S., liv., p. I4i. 

(887) IsiiiKAWA, C. (1897). Einc in Misaki vorkommendc Art von Ephdot . 

Journ. Odl. Sci. Tokyo, ... o / 17 A liii 

(888) Martin, C. H. (1909). On Acinetaria. Parts I. and 11. ., 

p. 351. Pait III. Ibid., p. 629. 

(889) Perez, C. (1903). Lernmophrya capilata. C.U.b.IS., iv., ]>. jo. 



504 


THE PROTOZOA 


CHAPTER XVIII 

^ (a) Classification. 

(890) Awerinzew, S. (1910). Die Stcllung im System und die Klassifizierung der 

Protozoen. B.Q., xxx., p. 465. 

(891) Doflein, F. (1902). Das System der Protozoen. A.P.K., i., p. 169. 

(892) Hartmann, M. (1911). Das System dor Protozoen. Vide Prowazek (14), 

p. 41 ; and No. 675. 

(b) Spirochsetes. 

*(893) Bosanquet, W. C. (1911). Spiroohajtcs. Pliiladelphia and London : 
W. B. Saunders Company. 

(894) — (1911). 8p. anodontm Keysselitz. Q.J.M.8., Ivi., p. 387. 

(895) DOJ 3 ELL, C. C. (1911). On Cristispira veneris and the Classification of Spiro- 

chsetes. Q.J.M.S., Ivi., p. 507. 

(896) Fantham, H. B. (1911). Life-Cycle of Spirochadcs. A.T.M.V., v., p. 479. 

(897) Cross, J. (1910). Cristispira nov. gen. Mitt. zod. Slat. Neapd, xx., p. 41. 

(898) — (1911). Freilebende Spironeraaceen. Ibid., p. 188. 

(899) — (1911). Nomenclatur der’Np. pallida. A.V.K., xxiv., p. 109. 

(900) Hindle, F. (1912). Life-Cycle of 8p. gallinanm. Vy., iv., p. 463. 

(901) Krzysztalowicz, F., and Siedlecki, M. (1905). La Structure, etc., do 

8p. pallida. B.A.8.C., p. 713. 

(902) Leishman, W. B. (1910). Mechanism of Infection in Tick Fever and Heredi- 

tary Transmission of Sp. duttoni in the Tick. Trans. Soc. Trap. Med. 
llyg., iii., p. 77. 

(903) ScHAUDiNN, F. (1905). 8'p. pallida. Deutsch. Med. Wochcnsclw., xxxi., 

p. 1665. 

(904) Zuelzer, M. (1911). 8p. plicatilis. A.P.K., xxiv., p. 1. 

• 

(c) Chiamydozoa. 

(906) Acton, II, W., and Harvey, W. F. (1911). Negri Bodies. Py., iv., p. 255. 

(907) Awerinzew, S. (1910). Dio Krobsgeschwulstc. C.B.B.P.K., Ivi. (1 Abth. 

Orig.), p. 506. 

(908) Calkins, G. N. (1904). Cytoryctes varidos.Qmxmcvx. Journ. Med. 'Research 

(Special Variola Number), xi., p. 136. 

(909) Hartmann, M. (1910). Chlamydozoen. C.B.B.P.K. (I Abth. Ref.), 

xlvii., Beiheft, p. 94. 

(910) Negri, A. (1909). Dio Morphologio und der Entwicklungszyklus dcs Para- 

siton der Tollwut. Z.H., etc., Ixiii., p. 421. ' 

(911) Prowazek, S. V. (1907). Chiamydozoa. A.P.A,, x., p. 336. 

(912) — and Araoao, H. de B. (1909). Variola-Untersuchungen. M.I.O.G., 

i., p. 147. 

(913) — Lipschutz, B., and Others (1911). Chiamydozoa, etc. Vide Prowazek 

(14). 

(914) Siegel, J. (1905). Dio Atiologie der Pocken und der Maul- und lOauen- 

souche : des Scharlachs : der Syphilis. Abhandl. k. preuss Akad. Wiss. 
(Anhang.) 



INDEX TO TECHNICAL TERMS AND 
ZOOLOGICAL NAMES 


Tlio umnorals printed in heavier bhwik typo refer i-o pa^oK on whioli the nmaninR 
of the word or the Bysteniatic poKition of a genus, family, or order are fully explained. 


AcantiiaRia, 251, 256 
Acanthin, 37, 253 
Acanthocustis, 37, 48, UI, 215, 248 

— aculeata, 117, 118 (Fig. G4), 123 

(Fig. 68) 

— chcatopJwra, 37 (Fig. 18) 
Acanthometra, 256 

— elastica, 250 (Fig. 105) 

— pcllucida, 255 
Acanthomelridm, 37 
Aoophalina, 339 
Achromalkus, 3G4, 382 

— vesperuffinis, 382 
Aohroinatin, 65 
Acineta, 461 

— grandis, 11 (Fig. 10) 

•— papillifcra, 16 

Acinotaria, 430, 455 

Acinetidw, 461 

Acraslo}, 243 

Acrasis, 243 

Aciinobolus radiiins, 441 

Adinoccphalvlw, 339 

AcHnocephalm oligacanthus, 327 ( Fig. 1 42 ) 

Actinomma asterdcanthion, 254 (Fig. 107) 

Aetinomyxidla, 409 

Adinophrys, 117, 215, 245, 248 

— sol, 90 (Fig. 46), 132 (Fig. 71), 151 
Actinopoda, 218 

AdinospJicDrium, 43, 50 (Fig. 22), 68, 
74, 77, 78, 80, 91, 138, 144, 150, 193, 
198, 207, 209, 214, 216, 24.5, 248 
~ cichhomi, 7 (Fig. 3), 81 (Fig. 37), 115 
(Fig. 62), 116 (Fig. 63) 

Adaptive polymorphism, 164 
Adelca, 175, 176, 348,352, 393 

— hartmanni, 344, 347, 348 

— • ovata, 344, 345 (Fig. 153), 346, 347 
(Fig. 154), 352 
Adeleida, 352, 354, 355 
Adoloidea, 352, 394 
Adlnida, 278 
Adoral spiral, 442 
Adult, 212 
Mthalium, 242 
Aflagellar, 287 
Agamotos, 180, 181 
Agamogony, 181 
Agamont, 181 

Agglomeration, 128, 209, 305 
Agglutination, 128 
Agglutinin, 128 

Aggregata, 23, 168, 325, 348, 853 

— iacguemeti, 121 (Fig. 67) 

AggregaiidcB, 358 


i 


Alcohol, elTecIs of, 201 
Allogromia, 2:?0 

— ovoidca, 235 

Alternation of g(merations, LSI 
Alveqlar layer, 435 
Alveoli, 42 
Amicronucleato, 211 
Amitosis, 105 
Amxeba, 219 

— albida, 221 (Fig. 87) 

— hinudcata, 78, 95, 211, 223 

— diplouUa, 222 (Fig. 88) 

— diplomUoliat, 108, 109 (Fig. 56) 

- Jlava, 221 

— Umax, 46. 47 (Fig. 20), 206, 217, 219 

— minuta, 221, 223 

— mucicola, 220 • 

— protms, 6 (Fig. 2), 47, 191, 205, 209, 

215, 216, 217, 219, 220, 222, 230 

— radiosa, 217, 219 

— ienieofa, 48, 190 (Fig. 82), 21 1, 220 

— verrucosa, 32, 15, 18, 50, 51 (Fig. 23), 


198, 211, 219 

- resperUUo, 217 

inmha, form-changes, 216 (Fig. 85) 

imcba'a, 217 

[nwbidium, 428 

inmbodiastaBO, 193 

meebollagtdlata, 463 

inoebogeniaN 325, 466 

jmeboid, 30 

.moibula, 169 

jnphikaryon, 96 

Imphileptus, 439 

.mphimixis, 150, 154 

jnphinucleus, 96 

Linylnrn, 188 

inaorobic, 196 

Inaplasma maruinale, 383 

[ncystropodium, 441 

[ngeiocyslis audouinioi, 349 

inisogamy, 126, 132, 175 

[nisomma, 274 

- grande, 53 (Fig. 25) 

(nisone7nincD, 274 
Lniflospore, 215, 254 
Lnnnlus, 276 

Lnopholin®, 358 __ 

inoplophrya, U5 IFig 74) 

- branchiarum (reduction), 14 j (r ig* < ) 
Inoplophryinm, 197 , 452 
Inurosporidium, 424 
Lphrothoraoa, 247 

ipiosoma, 379 
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Aposporogony, 868 

Arcelki, 64, 65, 72, 78, 126, 148, 178, 11)9, 
201, 215, 216, 229 

— vulgaris, 67 (Fig. 32), 110 (Fig. 57), 

177, 178 (Fig. 80) 

Archreooytos, 183 
Arohoplasm, 79, 103 
AronacooiiE, 34, 231 
Asporocystoa, 388 
Aspirigora, 439 
Arrhonoplasm, 129 
Artificial olaBsifloation, 463 
Assimilation, 187 
Association, 127, 330 
Astasia, 274 

— tcnax, 33 (Fig. 15) 

AstasUdiJS, 274 
Astomata, 438, 439, 451 
Astmiisculm, 248 
Astrophrya, 461 

— arenaria, 456 
Athene noctwi, 390 
Attraction -splioro, 103 
Attraotion-spindlo, 104 
Aulacantha, 258 
Autooyst, 417 
Autogamy, 138, 306 
Autoniixis, 140 
Autophya, 34 
Avoiding reaction, 202 
Axopodiutn, 48, 53, 60, 87, 199, 465 
Axostylo, 36, 259, 289, 311 
Azoosporldtc, 218 

*Bahc8ia, 357, 379, 394 

— hovis (bigetnina), 379, 384 

— mutans, 380, 382 
Babesioses, 378 
Bacteria, 5, 98 
Jiadhamia, 242 

— utricularis, 240 (Fig. 99), 241 (Fig. 100) 
Balantidium, 439, 440 

— coli, 440 

— minutum, 440 
Banana-troo, 136 
Barroussia, 352 

— alpina, 344, 345 (Fig. 153) 

— caudata, 348 

— ornala, 346, 352 

— spiralis, 344, 348 
Barotaxis, 202, 207 

Basal granule, 82, 92, 200, 443 

— rim, 443 
Benedenia, 353 
Bertramia, 424 

— asperospora, 424 

— bufonis, 424 

— CAipUeUm, 424 

— kirkmanni, 424 
Bertramiidw, 424 
Bilateral symmetry, 31, 250 
Biloculina depressa shells, 233 (Fig. 94) 
Binary fission, 100 

Binuoloarity, 96 
Binucloata, 85. 280, 388 
Bioblast, 40, 41 
Bionomics, 15 
Black spores, 364 
Blastoooele, 133 
Blastodinidm, 278 
Blaatodinium, 278 
Blastogenoa, 41^ 


Blastomero, 133 
Blastulidium pwdophthurum, 424 
Blepharoplast, 52, 59, 82, 262, 286, 288, 
289 

Bodo, 270, 281, 319 

— edax, 319 

— gracilis, 271 (Fig. 115) 

— lacertoi, 270 

— saltans, 271 (Fig. 115), 319 
Bodonidm, 268, 270 
Body-form, 29 

Bud, 122 
BuMsehlia, 439 
Bursaria, 439 
Bursaridw, 439 

CallynlroMamys phronimw, 327 
Calonympha, 276 
Calymma, 251, 252 
Calyx, 89 

Campandla, 440, 416, 447 

— unibcllaria, 434 (Fig. 183) 
Caniptonenia, 51, 248 

— nutans, 91 (Fig. 47) 

Cancer, 473 
Clapillitium, 241 
Capillus infest inalis, 428 
Capsulogonous coll, 399, 403 
Carchesium, 145, 192, 194, 440, 441, 449 
Caryorycks, 473 

Caryospora, 349, 352 

— simplex, 352 
Caryotropha, 195, 344, 348, 352 

— niesnilii, 319, 352 
Caryolrophida), ^2 
Caullerya, 424 

— mesnili, 424 
Cell, 1, 98, 464 
Cell-anus, 433 
Cell-division, 121 
Coll-mombrano, 45 
Cell-month, 63 
Cell-theory, 133 
Central oapsulo, 250 

— grain, 91 

— spindle, 103 " 

Centriolo, 73, 80, 97, 262 
Controdesinoso, 36, 58, 59, 82, 103 
Cenlropyxis, 148, 173, 229 

— aculeata, 36, 230 
ControBomo, 68, 59, 73, 79, 262, 288 
Controsphore, 80 

Cophallna, 339 
Cephaloidophora, 337 
Cophalont, 181, 326 
Ceratiomyxa, 242 
Ceratium, 278 
Ceraiocorys, 278 

— horrida, 277 (Fig. 121) 

Ceratomyxa, 408 

— drepanopsettm, 402 (Fig. 166), 403 

— sphmrulosa, 409 
Ccralomvxidm, 408 
Ccratophyllus fasciatus, 291 
Cercomonadidm, 268, 270 
Ccrcomonas, 270, 27 1 

— crassicauda, 271 (Fig. 114) 

Chagaaia hartmanni, 344, 347 
Ohalaiothoraoa, 248 
Chomotaxis, 202 
Chiliferidm, 439 

Chilodon, 145, 489, 448 
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Chilodon cucullulus, 435 (Fig. 184) 

— dentcUus, 440 
Chilomonas, 208, 274 
ChUttnydodontidm, 439 
ChlamydomonadidoB, 275 
Chlamydomonas, 275 
Chlamydomyxa, 214, 243, 244 

• Clilamydophora, 248 
Chlamydophrys, 237 

— schaudinni, 237 

— stercorea, 17, 237 
Chlamydozoa, 470 
Chloromyxidcp, 407, 409 
Chloromyxum, 409 

— leydigit 400 (Fig. 104), 409 

Chlorophyll, 13, 63, 188, 261 
Choanoflagollata, 261, 271 
ChoanoJlagellidcBt 271 
GhondrioHomo, 41 
Chromatin, 65, 69 
Chromatoid grains, 67, 289, 311 
Chromatophoro, 13, 63, 188, 261 
Chromidia, 6, 65, 97, 150, 215, 328 
Cliroinidial fragmentation, 101 ] 

Chromidina, 452 

Chromidiogamy, 126, 416 
Chromidiosomo, 65, 103 
Chromomonadina, 274 
Chroraophyll, 188 
Chroinoplast, 13, 63 
Chromosome, 103 
Chromulina, 274 

— flavicans, 15 
Chrysamceba, 274 
Chrysornonadina, 14, 274 
Chytridiopsis, 428 

— 8ociu8, 428 

Ciliary apparatiis, 412, 444 (Fig. 180) 
Ciliata,430, 432 (Fig. 181) 

Cilioflagoll^ta, 277 
Ciliophora, 462 
(Hliophrys, 248 
CilioHporo, 169 

Cilium, 12, 53, 92, 199, 200, 442, 454 
Circnmfluonco, 189 
Oircumvallation, 189 
Cirrus, 55, 445 
Cladomonas, 270 
Cladothrix pelomyxoi, 227 
Classification, 462 
Clathrulina, 39, 245, 248 

— elegans, 38 (Fig. 19) 

Clepsydrina, 335, 339 
Cnidosporidia, 399 
Cocoidia, 341, 389 
Coccddiida}, 352 
Coccidioides immitis, 17 
Coooidiomorpha, 388, 395 
Cocoidiosis, 343 

Coccidium, 101, 166, 173, 174, 346, 352 

— cuniculi, 341, 351 

— mitrarium, 344 

— ovifonne, 341 

— rouxi, 349 

— 8chvbergi, 102 (Fig. 50), 106 (Figs. 

61, 52), 127 (Fig. 69), 140 (Fig. 76), 
204, 342 (Fig. 152), 353, 364 

— atiedcB, 341 
Cooooid bodies, 468 
Coooolith, 274 
(^occolUfiophoridoB, 274 
Coccomyxa, 409 


Coccomyxa yiiorovi, 109 
Cochleariafaiircl, 442 
Cochliopodiuvi, 229 
Codonosiga hotrylu, 260 (Fig. 110, 
Coelosporidiidw, 3i)9, 424 
Ccelosporidium, 424 

— hlatellm, 424 
Cmlozoio, 324 
Coleps, 439, 441 
Collar, 57, 89, 261 
Collocting-pnsulo, 277 
Collodagia, 255 
Collozoum, 256 
Colpidium, 208 
Colpoda, 439 
Conchophrys, 439 
Conjngant, 126, 448 
Conjugation, 126, 448 
Comtrhinua incgislus, 291, 302 
Contact-stinuilus, 207 

Contractile vacuole, 60, 196, 197, 262, 
437, 447 

— syfttoiu, 445, 446 
Contrimtility, 200, 201 
Copromonas. 171, 274 

— vKijor, 268 

— HubUlis, 264 (Fig. Ill), 268 
Vopromyxn, 243 
Copularium, 355 
Copulation, 126 

Corps en barilld, 344 
Cortex, 45 
Cortical layer, 32 
Corticate, 45 
Costia, 258, 272 

— wmtriXt 16, 272 
Cothurnin, 440 
CraspodoiuonadK, 261, 271 
("raspcdotcUo, 279 
Crislispira, 466, 4(i9 

— amdonUn, 468 

— halbumii, 467 

— pccllnis, 469 (Fig. 194) 

Crithidia, 281, 282,-287, 308, 312, 320, 
321 

— campanvhdn, 313 

— gerridis, 313 

— mdophayia, 290 

— viinuta, 312 (Fig. 135) 

Cryptocystes, 412 
CryptodiJUflugia, 229, 230 
Cryptomonadina, 15, 274 
Cryplomonas, 274 

— schaudinni, 15 
Cryplosporidium, 349, 352 

— muris, 344, 352 
Crystal-spores, 254 
Cuirass, 33, 45, 276 
CJilicinro, 358’ 

Culture d’attonto, 304 
Cuticle, 45 
Cyclasterium, 470 
Cyclical transmission, 290 
Cyclochmtn, 440, 441 
Cycloposthiwm, 439 
Cyclosis, 192, 194, 437 
Cyclospora, 352 

— caryolitica, 176, 198, 344, 348, 349, 

352 

Cyst, 154 

Cystal residuum, 349 
Cystolda chiridota, 341 
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Cyslobia holothuriw, 128 (Fig. 70) 

— irregularis, 331 

— mindhinii, 336 
CyKtoflagollata, 257, 278 
Cystotrypanosoma, 304 
Cytooyst, 344 
Cytomoro, 344 
Cytoinicrosomo, 41 
Cytopharynx, 63, 261, 433, 442 
("ytoplaHiii, 6, 7, 99 
Cytopygo, 433 
Cyiorhyctes, 471 

— aphtharum, ill 

— hiis, 471 

— scarlalinm, 471 

— vaccime, 471 
('ytorydes, 470, 471 

(JytoHtomo, 63, 190, 191, 261, 433, 452 
Cylozoic, 324 

Ihictylosoma splcndcns, 37 S 
Dofa'cation, 233 
Dogonoration, 208 
JMndrocomctes, 457, 460, 461 
Dendrocornrtklm, 461 
Dcndrosoma, 450, 458, 461 

— radians, 78, 460 (Fig. 193) 
Dendros(mud(t), 461 
Dendrosofiiides paguri, 455 
DoproBfiioii, 131, 135, 197, 208 
Derbcsiu, 90 
DoHinothoraoa, 248 
Doutoblasl, 426 
Doiitomcrito, 327 

•Deiitoplasmio, 41 
Dcvcscoinna, 276 
Doxiol riclia, 440 
J)i(iyostdimn, 243 
I) i dim am, 115, 439, 412, 449 
Didymophyes, 330 

Difflugia, 34, 35, 50, 05, 60, 78, 120, 140, 
149, 199, 215, 210,229 

— spiralis, 34 (Fig. 16) 

— urceolata, 214, 229, 230 
Dilfuso infill ration, 400 
Digestion, 192 
Dilepius, 439 
JHmastigamwba, 268 
Dimorpha, 249 

— nutans, 249 (Fig. 104) 

JHnenympha, 276 
Dinifora, 278 
JHnohryon, 274 
Dinoflagollata, 257, 276 
JMnophysidm, 278 
Dinophysis, 278 
Diphtheria, 470 
Diplocystis minor, 128 (Fig. 70) 
Diplodina, 174 

Diplosome, 79 
Diplozoa, 273 
Direct division, 101 
Direct transmission, 290 
Discophrya, 439 
Discorbina, 232 (Fig. 93, vii) 

Disporea, 408 
Dizoic, 349 
DoliocystidoB, 339 
Dourine, 26, 285, 289 
Drehkrankhoit, 400 
Drepanldla, 395 
JDrepanidium, 372 


Dubosegia, 418 

— legcri, 418 

Earth -aniodne, 220 
Echinomcra, 333 
Echinopyxis, 101 
Ectoplasm, 43, 45, 435 
Ectosaro, 43 
Ectoschiza, 339 
Ectosporoa, 325 
Einierm, 346, 352 

— falciformis, 346 

— nepo), 346 
Eimeridw, 352 
Eimoridoa, 352, 394 
Electrical stimuli, olTocts of, 208 
Elomontary corpuscles, 472 
EUeipsisoma, 387 

— ihomsoni, 387 
i Enchflidw, 439 

I Enchylema, 41, 72 
j Encyst mont, 164 
I Endogenous budding, 124 
j — cycle, 184 
j Endoparasil a, 462 
Endophrys rotatorium, 219 
Endoplasm, 43, 62, 437 
Endoral mombrauo, 415 
Ejidosarc, 43 
Endoschiza, 339 
; Endosonio, 73 
Endospore, 335 
Endosporeie, 242, 326 
Endolrypanum, 307 

— scliaudinni, 307 (Fig. 133) 

End-piece, 443 

Eiicrgid, 121 
; Entamu'ha, 220 
i — africana, 220 

— hlallfo, 47, 220, 223 

— bnrcalis, 220 

— coli, 18, 138 (Fig. 73), 139, 223, 224 

(Fig. 89), 225 

-- hisfnlyfim, 18, 46, 223, 221, 225 
(Fig. 90) 

— rninuta, 226 > 

— rnuris, 220 

— ranarum, 220 

— Ictragcna, 220 

— toilliamsi, 225 
Entadinium, 439, 441 
Entozoic, 18 

Enzymes. See Formonls 
Ephclota, 457, 461 

— buetschliana, 457 

— gemmipara, 460 
Epicyto, 45, 327 
Epimorite, 45,326 
Episporo, 335 
Epistylis, A40f Ml 

— plicaiilia, 444 (Fig. 186, K), 446 

— umbcllaria, 447 
Epithelioma contagiosum, 470 
Epizoio, 16 

Equating division, 104 
Equatorial plate, 103 
Ergastoplasm, 41 
Erylhropsis, 277 
Etheogenosis, 138, 315 
Euoocoidia, 352 
Eucoceidium, 353 
Eucyrtidium, 256 
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Eucyritidium cranioidea, 256 (Fig. 109) 
Euflagellata, 257 

Euglena, 14, 33. 52 (Fig. 24), 107, 202, 274 

— *{rracilis, 188 

— apirogyra, 8 (Fig. 4) 

— mridis, 188, 205 (Fig. 84) 

Euglcnidop,, 274 

‘ Kuglonoid inovoinont, 33 
Euglonoidina, 273 
Kuglypha, 34, 35, 214, 237 

— alveolata. 111, 112 (Fig. 59), 113 

(Fig. 60) 

Eugrogariune, 328, 339 
Eiiplasraodida, 242 
Euplotes, 194, 440, 448 

— harpa, 433 (Fig. 182) 

— patella, 433 (Fig. 182) 

Exiplotidm, 440 
EutrypanoBorao, 292 
Ex-conjngaut, 153 
Excretion, 197 
Excretory canals, 447 
Exflagollation, 357, 362, 304, 365, 390 
Exogenous oyclo, 184 

Eye-spot, 205 

Falciform body, 324 
Fat, 194 

Fatty degeneration, 210 
Feeding canals, 437 
Female sox, 159 
Formonts, 193, 194 
Fortilization-Bpiudle, 127, 348 
Filoplasmodida, 243 
FiloBO, 48 
Fission, 100 
Fixation, 441 
Flagellar, 287 
Flagollata, 82, 257 
Flagollispo/e, 169 
Flagollosis, 313 
Flagellula, 169 

Flagellum, 6, 51, 199, 200, 289, 454, 405 

Foitiingcria, 439 

Foattingeriidw, 439 

Bood-vaouole, 50, 62, 191, 194, 437 

Foot-and-mouth disoaso, 470 

Foraminifora, 217, 231 

Form-production, 31 

Framboeeia, 467 

Frondicularia, 232 (Fig. 93, iv.) 

Frontonia, 439, 442 

— leitctts, 206, 447 (Fig. 187) 

Fulcra, 441 

Fuligo, 242 

— aeptica, 239 (Fig. 97) 

Qalvanotaxis, 202, 208 
Gamete, 126, 448 
Gametid, 334 
Gamotooyto, 126 
Gamogony, 181 
Gamont, 126, 181 
Oanymedea, 330 
Gas -vacuole, 64 

Oaatrocystia gilruthi, 427, 428 (Fig. 179) 

Gemmation, 122 

Qemmula, 459 

Qommulo, 471 

Generative ohromatin, 71 

Geotaxis, 207 

Germ, 166 


Gorm-cclls, 130 
Qorinon, 130 
Qorminat ivo infection, 21 
Olaucoma, 439 

— colpidium, 197, 200 

— scinlillana, 115 
Glenodinimn, 278 

— ciiuium, 277 (Fig. 120) 

Globidium, 387 

— vmltifidum, 387 
Globigcrina, 231, 232 (Fig. 93, vi. 
Glosaina momilana, 291 

— - palpalh, 291, 303, 301 
Gltigca, 412, 417, 418 

— anomala, 411, 415, 417 (Fig. 174), 418 

— stephani, 412 
Goniuni, 276 

— pedomlc, 275 (Fig. 119) 

Grand Uc, 238 

Grand larinm, 238 
Greganna, 174, 335, 339 

— blatlarum, 339 

— mlinieri, 58 (Fig. 29) 

— ovata, 332, 333 (Fig. HO), 335, 339 

— polymorpha, 9 (Fig. 7), 339 
Grogarincs, sporogony, 331 (Fig. 144) 
Grogariniforni phases, 315 
Grogarinoidea, 326 
Gregarinula, 169, 324 

Gromia, 231 

— oviformia, 49 (Fig. 21) 

Guarniori’s bodies, 170 
Gurley a, 418 
Gymnamojbic, 219 
Gymnodinidw, 278 
Gyninodiniuin, 278 
Gynmosporo, 165 
Gyinnostomala, 439, 442 
Gymnozouiii, 439, 442 

— viviparum, 439 


lltciuamed)^, 357, 389 
Ilicinatochromo, 188 
Hoimalococcua, 188, 275, 379 

— pluvialis, 111 (Fig. 58) 
Jlmmalomoms, 308 
Hannatopimis apintilosua, 291, 301 
IIoiTnocystiilMm, 358, 364 

— diploglossi, 358, 305 

— inetschnUcori, 358 

— siinondi, 358, 365 

— tropiduri, 365 
HcemollagollatoB, 258, 280 
Jlamiogregarina, 372 

— agavm, 373 

— balfouri, 376 

— bicapsulcUa, 372 

— cants, 377 

— funamhuli, 377 

— ■ gerbiUi, 370, 377, 390 

— jaculi, 376 

— muris, 23, 376, 390 

— nmsetUi, 352, 377 

— nicorica, 373, 375 

— peranielia,'61Q 


‘depanoivi, 107 (Fig. 53), 372, 373, 
374 (Fig. 159), 375, 390 
mogregarinos, 357, 371, 390 

nioyrcgarinidm, 37^8 

Xlr:i6SWl57U90.39l 
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Bwmoproieus danilewskyi, 365 

— noduco, 365, 390 

— oryzivorm, 368 
Hcemouporidia, 356 
Haliphysnna, 35, 231 

— tumannwiezii, 35 (Fig. 17) 

JJnltcri(t, 439 

HaUrndw, 439 
Ilaltoridia, 381), 391 
HaUeridiurn, 357, 365, 391 
Haplosporidia, 399, 423 
IlaplosporidiidtB, 423, 424 
Haplosporidium, 424 
llastatdla radians, 441 
Helcosoma iropicum, 393, 412 
Holiozoa, 90, 218, 244 
Heinidepsis niarmnata, 291, 298, 303 
Hcmispeira aster im, 441 
Henneguya, 409, 426 
Ilepatozoon, 372 

— m«r is, 376 

— pemiciosum, 376 
Hereditary transmifision, 24, 290 
Tlerpetomonas, 281, 282, 292, 313, 319, 

320 

— muscce-domesHcw, 137, 138, 282 

(Fig. 124), 315 
Uerpdophrya, 452 
Ileterokaryote, 449, 453 
IIoteroinaHtigote, 259 
Tldcroncminm, 274 
Ildcrophrys, 248 

— fodeei, 248 (Fig. 103) 

Hetorotricha, 433 

*Hexactinoniyxon, 409 
Tlexamitus, 258, 272 
Hifitocytes, 130, 133 
llistoplasma, 319 

— capsulatum, 319 
Jlistozoic, 324 
Holomastigina, 270 
llolomaBtigote, 259 
Holophrya, 439 
Ilolophytio, 13, 187, 188, 261 
Holotricha, 439 
llolotriohous larva?, 459 
Holozoio, 8, 13, 187, 261 
Homaxon, 39, 250 
Hopliiophrya, 452 

Houbo, 33, 45 

Hyalosphmra gregarinicola, 341 
Hyalosphenia, 34 

— cuneatu, 34 (Fig. 16) 

Hydrophobia, 470 
HyrnonoBtoinata, 439, 442 
Hyperchroinasy, 71 
Ilypnocyst, 166 
Hypocortia, 460 

— acindarum, 460 
Hypocomidw, 460 
Hypothallus, 240 
Hypotrieha, 433, 440 
Hypotrichoufi larv®, 459, 460 

Ichthyophthiriasis, 450 
Ichthyophthirius, 448, 453 

— multifilUs, 16, 21, 460, 451 
Ichthyoaporidium, 4^ 

Idiochromatin, 71 
Idioohromidia, 150 
Immanoplaama, 388 

-- acylHi, 388 ^ 


Imperforate, 231 

Import, 189 

Incubation-period, 292, 361 
Incurvation, 468 
Indirect division, 101 

— transmission, 290 

Infusoria, 2,12, 152 (Fig. 77), 153,430 

Ingestion, 204 

Initial body, 472 

Intestinal llagollatos, 258 

Invagination, 189 

Involution stages, 296 

Isogamy, 126, 175 

Isomast igoto, 259 

Isosporo, 215, 254 

Jsoiricha, 439 

JsotridndcD, 439 

Jeenia, 276 

Kala-azar, 316 
Kalpidorhynchus, 332 
Karyognmy, 126 
Kajyokinesis, 101, 119 
Karyolysus, 372 

— lacertarum, 372, 378 
Karyosome, 76, 288 
Kataphorio action, 208 
Kentroehona, 440 
Kentrochonopsis, 440 
Kinetonucleus, 78, 85, 200, 286, 288, 289 

392 

Klossia, 348, 352 

— hdicina, 352 
Klossiella, 352 

— muris, 352 
Kurloll-Domel bodies, 388 

Lahyrinthula, 243, 244 
Ijabyrinthulidea, 243 
Lagena, 232 (Fig. 93, ii.) 

LageTwphryino}, 440 
iMgenophrys, 440 
Lamblia, 272 

— intest inulia, 31, 272, 273 (Fig. 117) 

— sanguinis, 272 , 

Lankeaterella, 189, 372, 378 

— ranarum, 372, 378 

Lankcateria ascidiw, 327, 329 (Fig. 143) 

— culicis, 327 
Latent bodies, 296 
Laverania, 358 
Legendrca loyezoa, 441 
Lcgerella, 348, 349, 352, 355, 388 

— nova, 352 
Legerdlidm, 352 
Legeria, 353 
Legerina, 353 

Leishmania, 268, 281, 316,, 320, 321, 
393 394 

— donovani, 316 (Fig. 138), 317 (Fig. 

139), 473 

— infantum, 316, 317 

— tropica, 87, 316, 317, 318 (Fig. 140), 

412, 473 

Lentospora cerebralia, 400 
Leptodiacua, 279 

Leptomonaa, 52, 281, 282, 292, 308, 313, 
319, 320, 321 

— butschlii, 282 

— jaculum, 314 (Fig. 136), 315 
Leptotheca, 408 
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Lcptotheca affilis, 201, 401 (Fig. 165) | 

— ranarum, 408 
Loptotjypanosomo, 292, 314 
Lerataophrya, 461 

Ijothal, 19 

Leucocvtoyreganna, 372 
Loucocytozoa, 372 
[xiU'.ocytozoon, 357, 369, 390, 392 

— - loimti, 370 

— mtiris, 370 

— piroplasmoidcs, 319 

— rattU 376 

— sahrazesi, 371 

— ziemanni, 369 (Fig. 158), 370, 371 
Leucophrys, 439 

— patula, 440 
Loucoplastfi, 188 
Leydenia gemniipara, 237 
Licnophora, 440, 441, 440, 449 
Licnoplioridm, 440 
Life-cyolo, 129, 130 
Light-porcoption, 201 
Light-produotion, 201 
Linellro, 238 

Linin, 72 
Lionoius, 439 
Lithocircus, 266 

— prndwim, 252 (Fig. 106) 

Lithocystis schneidfiri, 331 
Lobopodia, 47, 199 
LoboBa, 217, 219 

— toBtacoa, 229 
Tioboso, 47 
Lophonionadidoi, 276 
Lophomonas, 36, 88, 261, 276 

— blattarum, 17, 18, 89 (Fig. 45), 263, 

276 

— striata, 276 
Lophophora, 276 
Lorica, 33 45, 276, 441 
jMXodes, 439, 448 
LiiminoBity, 201 
Lymphocystis, 426 

— johnstonei, 426, 427 (Fig. 178) 
Lymphocytozoon, 388 

-r- cohay m, 388 
LyncMa, 365 


Macramceba, 148 
Macroconjugant, 153, 449 
Macrogaineto, 126 
Macrogamy, 131, 151, 172 
Maorogonidia;, 267 
MaoromorQZoito, 373 
Macront, 426 ^ ^ 

Macronuolous, 78, 107, 430, 437, 448, 458 
Maoroschizogony, 344 
Macrosohizont, 344, 373 
Maorosporos, 254, 255, 416 
Macrostoma, 272 

— mesnili, 272 
Mai do oadoras, 285 
Malaria, 358, 359 
Male sox, 169 
Mallory’s bodies, 470 
Malpighiella refringens, 229 
Mantle-fibros, 103 
Mastig^mceba, 213, 261, 268 
Ma8tigella,n,2G6 

— vitrea, 83 (Fig. 40), 265, 266 (Fig. 112) 
Mastmna, 265, 267, 268 

— setosa, 82 (Figs. 38, 39) 


MaBtigophora, 12, 257 
Mastigotricha, 455 
Maturation, 142 
Maupasia, 454 

— paradoxa, 4.54 (Fig. 189, 15) 

MoaHloH, 470 

Mochauioal stimuli, ofbuils of, 207 
Moohanioal iransmission, 290 
MogalosphOTic, 184,233 
Mcgastoma, 272 

— enter icum, 272, 273 (Fig. 117) 

Melanin, 64, 198, 357 
]\Iombrano (nuclear), 76 
Mombranolla', 65, 443, 445 
Membranuhc, 445 
Mcrocystis, 352 

— kathm,‘m 

Merogrcgarina amaroucii, 336 
Mcrogregarinido), 341 
Moroni , 398, 413 
Morozoito, 169, 325 
Morozoon, 210 
McBomitosis, 111 
Metabolic, 33 

Motacbroniai inio grains, 67, 420, 421 
Metacineta, 460 
Mctacinetido), 460 
MotagencHis, 266 
Metamera, 332, 339 
MotamitosiB, 111 
Motaplastic, 40, 63 
Metazoa, 2 
Micranucba, 148 
Microconjugant, 153, 172, 448 
Microganioto, 126, 448 
Microgamy, 132, 172 
Miorogonidia, 267 
M icroiclossia, 426 
Microinerozoite, 373 
M icront, 426 

M icronucloufi, 78, 113, 114 (lig. 61), 288, 
332, 333, 430, 437, 448 
Microschizont, 344, 373 
MicroBomo, 40 
Microsphorio, 184, 233 
Microspero, 254, 255, 416 
Microsporidia, 411 
Microthoracidev, 439 
Microthorax, 439 
Mioscher’B tubes, 419, 422 
Minchinia, 352 

— caudata, 348 

— chUonis, 349, 352 
Mitochondria, 41, 448 
Mitosis, 101 
Mixotrophic, 188 
MolIuBCUin contagioBUiu, 17, 470 


id, 466 
adidas, 270 
tt.s, 270 
ixon, 39, 250 
lira, 78 
iliform, 77 
ocercomonas, 272 
ocystis, 23, 174 (Fig. 
339 

oronala, 328 
areudrili, 331 
ostrata, 332, 333, 335 
okaryon, 121, 255 
oinastigote, 269 
.oinastix, 456 


79), 328, 336, 
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Monomasfix ciliatus, 454 (Fig. 189, A), 
455 

Monomorphio BpocioB, 163 
Monopylaria, 251, 256 
Monospora, 339 
Monosporoa, 409 
Monothalamous, 30, 232 
Monozoa, 273 
Monozoio, 349 
Mothor-oyst, 138 
Movoinont, 199 
Movomonts of grogarinos, 327 
Multicilia, 249, 261, 270, 454 

— lacustns, 269 (Fig. 113), 270 

— palustris, 269 (Fig. 113), 270 
Multiple flBBion, 100, 120 

— gemmation, 122 

— promitosifl, 120 
Multiplicative phaeo, 20, 166 
Multipolar mitosis, 120 
Murrina, 285 
Mycotosporidliiin, 243 
Mycotozoa, 218, 239, 268 
Mycterothrix, 446 
Myocyte, 327 

Myonomes, 57, 201, 253, 259, 286, 445 

Myophrisks, 253 

Myxamoiba, 239 

Myxidiido), 409 

Myxidium, 409 

— bergense, 407 

— lieberkuhni, 400, 401, 409 

— sp., 406 

Myxobolidco, 22, 23, 409 
< Myxobolus, 409 

— ccrebralis, 400 

— neurobius, 400 

— vfeifferi, 405, 406 (Fig. 168) 
Myxoeyslis, 417, 418 
Myxoflagollate, 239 
Myxogastros, 242 
Myxomycotos, 239, 242 
Myxopodia, 253 
Myxosporidla, 399 
Myxotheca, 231 

Nagana, 19 

Narcotics, offoots of, 204 
Nassollaria, 256 
Nasmla, 439 

Natural classification, 463 
Nobenkern, 95 
Nobenkorper, 278 
Negri’s bodies, 470 
Nomateoyst, 447 
Neogamous, 127, 330 
Neosporidia, 325, 398, 466 
Nephroselmis, 275 
Nervous system, 446 
Neuronemes, 446 
Neurorycies, 470 

— liydrophobicB, 471 
Neurosporidium, 424 

— cephalodisci, 424 
Nicollia, 380 

— guadrigemina, 380, 381 
Nina. See Pterocephalus 
Noctiluca, 201, 213, 279 

— miliaris, 119 (Fig. 65), 279 
Nodosaria, 232 (Fig. 93, 3) 

Noaema, 418 

— apiSt 412 


Nosema bombycis, 24, 411, 413, 414 (Fig. 
172) 

Nuclear membrane, 76 

— sap, 72 
Nuclearia, 248 
Nucleana-8to.go, 177 
Niioleo-oytoplasmio ratio, 70 
Nuoloolo-controsome, 95 
Nucleolus, 76, 103 
Nucleophaga, 473 
Nucleus, 6, 7, 65, 90 

— socundus, 95 
Nuda, 217, 219 
Nummulites, 232 (Fig. 93, 11) 

Nutation, 51 

Nutrition, 187 
Nutlallia, 380 

— equi, 380 

— herpestidis, 380 
Nyctotherus, 439, 440, 447 

— cordiformis, 10 (Fig. 9), 444 (Fig. 

186, F) 

— faba, 440 

Octomitido}, 272 
Oefomitus, 36, 258, 272 

— dujardini, 272 (Fig. 116) 

Octosporea, 418 

— musco) dorncsticcD, 138 
Octozoic, 349 
(Kcomonas, 270 
disophagus, 261, 433 
Oikomonas, 270 
OligoBporea, 418 
Oligosporulea, 424 
Oligotrioha, 439 
Oboyst, 348 

Oocyte, 143 
ookinete, 305, 362 

Opalina, 196, 198, 208, 209, 439, 440, 
447, 448, 452, 454 

— caudata, 452 

— inksHnalis, 452 

— ranarurn, 447, 452, 453 
OpalinincB, 452 
Opalinopsis, 452 
Opercularia, 145, 440 

— faurei, 442 
Operculum, 441 
Ophrydium, 438, 440 
OphryocystidcB, Ml 
Ophryocystis, 337, 339 
Orcheobius, 352 
OphryodendridcB, 461 
Ophryodendron, 455, 461 
Ophryoscoledda, 439 
Ophryoscolex, 439, 441 
Orcheobius herpobdellcB, 346, 348, 34 
Organella, 1 

Oriental sore, 316 
Osmotaxis, 203 
Ovum, 125 
Oxyrrhis, 52, 278 

— marina, 278 (Fig. 123) 

Oxytricha, 202, 440 
Oxytrichidm, 4W 

Pansporclla perplexa, 427 
Pansporoblast, 405, 417, 423 
Pantastornina, 268 
Parabasal apparatus, 89 
Paracoccidium prevoti, 349 
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Paraglycoffon, 41, (J3, 195, 327 
I’aramaBtigote, 259 | 

I'aramccidm, 439 

l^a?amecium., 61, 114 (Fig. 61), 171, 101, 
192, 194, 196, 197, 198, 203 (Fig. 83), 
205, 206, 208, 210, 437, 439, 442, 443 i 

— Imrsaria, 449 

— cmidatum. Id)! (Fig. 53), 436 (Fig. ' 

185), 444 (Fig. 186, D, E), 447 (Fig. ' 

187 ) ; 

Parcmiosba, 228 

~ eilhardi, 94 (Fig. 49), 95, 228 

— hominis, 228 
I^aramylum, 63, 188, 195 
Pararnyxa, 243, 409 

— paradoxa, 409 
Faraiiiyxidia, 409 
Paraplasma flaviycnum, 379 
Parasito, 8, 14 

Parietal coll, 403 
Parthonogonosis, 137 
Parthonogonidia, 267 
Partial karyogainy, 126, 153, 153 
Pathogenic, 19 

— amtcbic, 226 
Paulifiella, 214 
Pearl-stage, 334 
P6brino, 24, 411 
PoctinollfT, 442 
Podimclo, 31 
Pellicle, 32, 45, 435 

Pdomyxa, 78. 144, 150, 205, 214, 227 

— palustris, 227 (Fig. 91) 

PelUmyces, 243 
Peneroplis, 15, 235 
Pcranema, 274 

-- trichophonm, 273 
Pcranemidio, 274 
Perczki, 418 
Porforato, 231 
Poridiniales, 276 
Peridinidm, 278 
Pcridinium , 21 B 

— diver gens, 278 (Fig. 122) 

Poridiuin, 241 
Pmrikaryon, 439 
Periplast, 45, 259 
Peripylaria, 251, 255 
Poristoino, 433, 442 

Peritriclm, 433, 438, 440, 441, 442, 448 

I’eritrichous larvic, 459 

Perifromidcv, 440 

Peritromus, 440 

Fernicious malaria, 358 

Peroral membrane, 445 

Phacns, 274 

triqucter, 274 (Fig. 118). 

Pluenocystos, 412 
Pliu’odaria, 256 
Phieodium, 252 
Pbosphorosconco, 201, 278 
Pliototaxis, 202, 205 
Pliylogony, 463 
Phymrum didervioides, 242 
Pbysodos, 244 
Phytoilagollata, 274 
Pliytomonadina, 274 
l^hytomyxinm, 243 
i^iroplasma, 24, 357, 379, 393, 394 

bigeminum ibovis)', 379 (Fig. 160), 
384, 385 (Fig. 162) 

— cabalU, 379 


1(51), 


1‘iroplasimt ranis, 382, 3S3 (Ki 
384, 385 (Fig. 162), 387 

— donovani, 303 

— hominis, 379 
Piroplasmosos, 378 
Piroplasms, 378, 390 
Plagiotomidm, 439 
Planont, 398, 408, 413, 423 
Planorbulina, 232 (Fig. 93, 9) 
Plasmodiophora, 243 

— brassicw, 149 (Fig. 76), 243 
Plasraodiiim, 100, 128, 240, 398, 423 
Plasmodium, 357 

— • hrasilianum, 364 

— cynomolgi, 364 

— diploglossi, 358 

— falciparum, 358, 359, 360 (Fig. 156) 

— inui, 364 

— kochi, 364 

— malarhr,, 358, 359 

— pithed, 359, 364 

— praeco'.-, 358 

— rclidum, 358 

— vivax, 137 (Fig. 72), 358, 359, 360 

(Fig. 156) 

— rassali, 364 
IMasmodioma, 462 
Plasmogamy, 128 
Plasmotorny, 100 
Plastin,73, 103 

PJastinoid granules, 11, 195, 316 
Plastogamj. 128, 209 
PJegopoda, 462 
Pldslophora, 418 

— longifilis, 413 (Fig. 171), 115, 116 

— periplamitjb, 416 

— 8i)ecioH, 413 
Pkodorina californica, 267 
Pleuronrma, 55, 439, 442 

I — rhrysaiis, 56 (Fig. 27) 

I Plcur07upnidm, 439 
' Podophrya, 461 
; — Jixa, 456 (Fig. 190, C), 158 

— gemmipara, 108 (Fig. 55) 

— mollis, 156 (Fig. 190, A) 

[ Podophryidiv, 461 

' Polar bodies, 143 
i — capsule, 399 (Fig. 163) 

■ — • cones, 117 
! — lilamont, 399 
' — ■ masses, 110 
I — plates, 117 
: Pol year yum, 424 
polychromophilas, 384 
Polycystid, 326 
I Polycytt.aria, 256 
! Polyonergid nuclei, 121, 151, 2.>5 
! Polykaryon, 121, 255 
; Polymastigidw, 272 
i Polyjiiastigina, 271 
I I’olymastigoto, 259 
1 Polymaslix,212 
I Polymeiplusm, 162, 163, 

I Polyspora, 339 
i Polysporea, 409, 418 
Polysporuloa, 424 
Pnhjstomella, 210 

— crispa, 139, 234 (Fig. 

(Fig. 96) 

Polylhalamous, 36, 232 
Polytoniella ngilis, 86 (Fig. 43) 
Polytrema, 231 

33 


297, 311 


95), 235, 236 
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Polytricha, 439 
Poly zoic, 349 
Poneramceba, 224 
Pontobdella muricata, 291, 303 
Pontomyxa flava, 218 
Porospora, 337, 340 

— f/tfifanfea,74(Fig. 35), 330,339 (Fig. 150) 

— leueri, 336 
Porosporidve, 341 
Pouchetia, 62 

— comuta, 61 (Fig. 31) 

ProhenHilo tentacle, 457 
Proboscidiform individuals, 455 
Proboacidium, 442 
Prococcidia, 352 
Proflagollata, 469 
Proniitosis, 109 
Pronuclous, 127 
Propagative coll, 405 

— phase, 21, 166 
Propulsive pseudopodiuni, 401 
ProrocentraceoD, 276 
Proroceninm , 278 
Prorodon, 439 

— teres, 32 (Fig. 14), 444 (Fig. 186, li, 

C), 446 

Proteomyxa, 217, 268 
Proteosoma, 358, 364, 365, 393 
Protista, 4, 5 
Protoblast, 426 
Protococoaceoc, 15 
Protoentospora ptychodercB, 229 
Protokaryon, 75, 87, 108 
Prf*otomcrito, 327 
Protomonadina, 270 
Prolophrya, 452 

— ovicola, 452 
I’rotophyta, 8 
Protoplasm, 29, 40 
Protozoa, 2, 10, 464 
Prowazek’s bodies, 470 

Prowazekia, 260, 271, 281, 319, 321, 322 

— asiatica, 319 

— cruzi , 319 

— parva, 319, 320 (Fig. 141) 

— weivJberoi, 319, 320 (Fig. 141) 
P8eudochlamy8‘StB,^o, 170, 177 
Pseudoplasmodlda, 243 
PBeudoplasmodium, 242 
Pseudopodiospore, 169 
Pseudopodium, 30, 46, 90, 199, 214, 400, 

465 

Psevdospora, 213, 218, 249 
Psorosperm, 165, 323 
Pterocephalus, 173, 327, 329, 330, 339 

— ffracilis, 174 (Fig. 79), 332 (Fig. 145), 

334 (Fig. 147) 

— noUlis, 339 
Pulsolluin, 52, 259 
PuBulo, 277 
Pycnothrix, 452 

— memocystoides, 443, 446, 447, 452 
Pyramipionas, 275 

Pyrenoid, 63, 188, 261 
Pyrodinium, 201, 278 
Pyrosoma, 379 
Pyxinia, 329, 330 

Quartan malaria, 358, 359 

Radiolaria, 218, 249 
Radium-rays, effects of, 205 


Rainey’s corpuscles, 419 

Reactions of protozoa, 201 

Recapitulative forms, 170 

Reducing division, 104 j 

Reduction, 142, 145, 335 

Reduction-nuclei, 144 

Redwator, 378 

Regeneration, 208, 210 

Rojuvonoscenco, 155 

Relapse (malarial), 363 

Reserve-mat erials, 195, 196 

Reservoir- vacuole, 262 

Respiration, 195 

Roticulosa, 217, 218 

Reticulose, 48 

Reticulum (nuclear), 75, 103 

— (protoplasmic), 41 
Rhabdogeniee, 325, 466 
Rhabdophrya, 461 

— Irimorpha, 455 
Rhaphidiophrys, 245 
Rheotaxis, 207 
Rhinosporidium, 424 

— kinealyi, 424, 425 (Fig. 177) 
Rhizomastigina, 265, 268, 465 
Rhizoplast, 82 
Rhizopoda, 213, 217 
Rhyncheta, 1^7, 460 
Rhynchollagollata, 278 
Right hosts, 291 
Rod-apparatus, 433, 439 

I ROntgen-rays, effects of, 206 
Rostrum, 326 

Saccamina, 232 (Fig. 93, 1) 

Sack-pusulo, 277 
Sapropelic, 14 

Saprophytic, 8, 14, 187, 194, 262 
Saprospira, 467, 469 

— glacis, 468 
Saprozoic, 14 
Sarcocystino, 20, 420, 421 
JSarcocystis, 20, 419 

— bertrami, 420 

— muris, 419, 420, 421, 422 (Fig. 176), 

— rileyi, 420 , 

— tenella, 419, 420, 421 (Fig. 175) 
Saroocyto, 327 

Sarcode, 40 
Sarcodina, 11, 213 
Sarcosporidia, 20, 419 
Soaiotricha, 4^ 

Scarlet fever, 470 
Schavdiimella, 355 
Scheunakovella schmeili, 425 
SchizocystidcB, 339, 341 
tSchizocysHa, 339 

— • gregarinoides, 336, 338 (Fig. 149) 
Sohizogenoa, 418 
Schizogony, 166, 324, 392 
Schlzogrogarinee, 328, 339 
Sohizokineto, 873 
Sohizont, 166, 181. 324 
Schizontocyto, 344 
fichizotrypanum, 285, 307, 392 

— crust, 28, 295 (Fig. 128), 296, 302- 

(Fig. 132), 307 
Sohizozoite, 344, 428 
Solerotium, 166, 240 
Seopula, 441. 456, 459 
Scyphidia, 440, 441 
Secondary nuclei, 66 
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Secretion, 197, 198 

SelenidiidcD, 341 j 

Belenidium, 339 ’ ' i 

X caulleryi, 336, 337 (Fig. U8) 
Sdenococcidium, 352, 354 

— intermedium, 344, 350 (Fig. 155), 351 
Senility, 131, 135, 155 

Sensory oi'gans, 201, 440 
Separation-spindle, 104 
Septate, 326 
Sernmsporidia, 425 
Sex, 154 

Sexual differentiation, 160, 170, 176 

— phases of trypanosomes, 305 
Shell, 33, 45, 232 (Fig. 93) 

Siedleckia, 339, 352 
Silicollagcllata, 274 
Sleeping sickness, 26 

SmUhia, 380 ! 

— microti, 380 | 

Soma, 130 

Somatic number, 143 
Sorophora, 243 
Sorosphwra, 243 
Sorus, 242 
Souma, 304 
Spasmonemo, 446 
Species, 141, 162 
Spermatocyte, 143 
Spermatozoon, 125 
S phai ract inom yxon , 409 

— stolci, 409, 410 (Fig. 170) 

Sphierollaria, 255 

Sphceromyxa sabrazesi, 404 (Fig. 167), 
405 

Sphocrophrya, 461 
Spluvrozoa, 256 
Sphere, 95 
Spheroplast, 41, 448 
Spicule,.36 

Spindle (nuclear), 103 
Spirigera, 442 
Spirillacea, 467 
Spirillar forms, 319 
Spirillum, 467 
• Spirochwta, 466 

— plicatilis, 466 

— ziemanni, 371, 468 
Spirochajtes, 466 
Spirochona, 440 
SpiroclionidcB, 440 
Spiroloculina, 232 (Fig. 93, 5) 

Spironema, 487, 469 
Spironomacea, 469 
Spiroschaudinnia, 467 

■ — anserina, 467 

— duttoni, 467, 468 

— gallinarum, 467 

— obcrmeieri, 467 

— rccurreniis, 467 

Spirostomum, 196, 197, 208, 438, 439, 445 
^ amhiguum, 431 (Fig. 180) 
Spongonionas, 270 

— splcndida, 84 (Fig. 41) 

— uvella, 85 (Fig. 42) 

Sporal residuum, 349 
Sporangium, 240, 241 
Spore, 165, 166, 323 
Spore-formation, 166 
Sporetia, 150 
Sporoblast, 325 
Sporocyst, 165 


Sporocyst-mothcr-coll, 403 
Sporoduct , 335 
Sporogony, 181, 325 
Sporomyxu, 243 
Sporont, 166, 181, 325, 328 
Sporoplioro, 242 
Sporoplasin, 405 
Sporozoa, 12, 323, 162, 466 
Sporozeito, 169, 324 
Sporulatiou, 122, 165, 166 
Spumellaria, 255 
Stannomidm, 238 
Starvation, 195, 210 
Stemonitia Jlaceida, 82 

- fusca, 240 (Fig. 98) 
Stemm-psetidopodiii m , 401 
Stempellki, 418 

— muiahilis, 418 
Sienophora, 329 

Stentor, 61, 202, 211, 437, 438, 439, 441, 


145, 446 

— ceerulcus, 4 14 (Fig. 186, A, 1) 

— 'niger 444 (Fig. 186, (?) 

— roeselii, 10 (Fig. 8) 

Stcntoridm, 439 
Stephanospham. 267, 276 
Stercomarium, 238 
Stercome, 194, 233 
Stigma, 61, 205, 262 
Sfomatophora eoronata, 328 
Streaming movements, 199 
Strongyloplasmata, 470 
Stylonychia, 438, 440 

— hutrio, 444 (Fig. 186, II) 

■ — mytihis, 211, 459 (Fig. 432) 
Sfylorhynvhus, 173, 329, 330, 339 
•- longicollis, 174 (Fig. 79), 327 (tig» 
142), 339 
Suctoria, 455 

Suctorial tentacle, 190, 458 
Siilcus, 276 
Surface-tension, 200 
Surra, 26 
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! Symbiosis, 15 
I Symbiotic alga*, 197 

, Syn(ietinomyxon, W9 

: Synganiy, 126, 438 
i Synkaryon, 127 
Syphilis, 467 
Syzygy, 330 


Tachyblaston, 460 
Tactic, 202 
Tactile bristles, 443 
— organs, 201 
Twniocystis, 327, 339 
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la thompsoni, 34 

426 

[,418 

/•ormi«, 418 
dia, 325, 395, 466 


Test, 33 

Testacea, 217, 219 
Tetramyxa, 243 

Tdratrichomonas, 

Tetrazoic, 349 
Thalamophora. 219 
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Tkalassicotla, 255 

— pelagica, 30 (Fig. 13) 

Thalassophysa, 255' 

Thooamoebte, 219, 229 
Theileria, 379 

— parva, 380, 382, 38(5 
Thelohania, 418 

— chcotogastris, 416 (Fig. 173) 

— contejeani, 412 

— 77i(r,nadis, 416 
Tholyplasin, 129 
Thermotaxia, 202, 206 
Thigmotaxis, 207 

Tliyjwid extract , effects of. 204 
Tinctiu-body, 458 
Tintinnidm, 439, 441, 443, 447 
Tocophrya, 461 

— cyclopum, 401 

— limbata, 460 

— quadripariiia, 210, 456 (Fig. JtO, ]}) 

460 

Toddia, 387 

— bufonis, 387 
Tolerant, 21 
Tonicity, effects of, 207 
Total karyogamy, 126, 453 
ToxocysHs homari, 42(5 
Toxoplasma, 319, 387 

— canis, 387 

— cnniculi, 387 

— gondii, 387 

— talpw, 387 
Trachelida, 439 
Trachelius, 439 
~r ovum, 441, 448 
Trachclocerca, 439, 448, 453 

— phcsnicoptcrus, 120 (Fig. 66), 449, 450 

(Fig, 188) 

Trachoma, 470 
Tractollum, 52, 259 
Trailing flagolliun, 53, 260 
Transmission of trypanosomes, 289 
Transmutation of energy, 199 
Treponema, 467 

— pallidum, 467, 468 

— pertenue, 467 
Triaclinornyxon, 409 
Trichia varia, 241 (Fig, 101) 

Trichites, 442 

Triohocyst, 46, 435, 447 (Fig. 187) 
Trichodina, 440, 441 
Trichomastix, 260, 271 
Trichomonas, 17, 36, 56, 258, 260, 2'11 

— eberthi, 8 (Fig, 5), 36 

— hominis, 272 

— vaginalis, 272 
Trichonympha, 276 

— heriwigi, 276 
Trichonymphida, 463 
Trichonymphidcc, 89, 276, 454 
Trichophrya, 461 
Trichophryidm, 461 
Trichorhynchus, 446 
Trichospharium, 51, 216, 229 

— sieboldi, 73 (Fig. 34), 182 (F:g. 81) 
Trimastigamoeba, 268 

Tripylaria, 251, 256 
Tritoblast, 426 
Trizoio, 349 
Trophic phase, 324 
Trophochromatin, 71 
Trophochromidla, 150 


Trophoiluclous, 78, 85, 280, 288 
Trophozoite, 324 
Tsopioal malaria, 358 
, Trypaiiomonad, 282, 298, 299 
Trypanomorpha, 308 
I Trypanophis grobbeni, 309 
1 Trypanoplasma, 56, 78, 87, 260, 271, 281, 
287, 308,309, 321,322 

— abramidis, 310 (Fig. 134) 

! — borreli, 312 

. — congcri, 312 
j — dendrocceli, 309 
; — gryllotalpcB, 309, 310 
j — gumeyorxm, 78 (Fig. 36) 

! — /teZicia, 309, 311, 312 
j — intestinalis, 3\2 
! — Jceysselitzi, 310 (Fig. 134) 

I — ranm, 319 

— vaginalis, 309 

Trypanosoma, 270, 280, 283, 3C8, 320, 
321 

— balbianii, 467 

— blanchardi, 25 

— brucii, 19, 25, 26, 27 (Fig. 12), 285, 

291, 296, 305, 306, 308 

— caznlboui, 304 

— cruzi, 285, 295, 296 

— cuniculi, 25, 26 (Fig. 11) 

— dimorphon, 304 

— drosophila}, 315 (Fig. 137) 

— duttoni, 25, 26 (Fig. 11) 

— elyomis, 25, 26 (Fig. 11) 

I — cquinum, 285, 305 

— equiperdum, 22, 26, 285 

— evansi, 26, 27 (Fig. 12), 285 

— gambiense, 19, 26, 27 (fb'g. 12), 285, 

291, 296, 297, 303, 304, 305, 306 

— granulosum, 288, 297, 298 (Fig. 129) 

— grayi, 304 

— hippicum, 285 

— inopinatum, 290 

— letvisi, 19, 25, 26 (Fig. 11), 28, 263, 

286, 291, 292, 293 (Fig. 127), 297, 
299, 300 (Fig. 130), 301 (Fig. 131), 
305, 306, 308 

— longocaudense, 294 » 

— mega, 284 (Fig. 125) 

— microti, 25, 26 (Fig. 11) 

— nanum, 27 (Fig. 12) 

— nocluo), 59 (Fig. 30), 137, 144, 158, 

283, 297, 305, 300, 308, 391 

— pecaudi, 304 

— perew (myononies), 58 (Fig. 28) 

— rabinouAtschi, 25 

— raioB, 291, 303 

— remaki, 9 (Fig. 6) 

— rhodesiense, 26, 286 

— rotatorhm, 59 (Fig. 30), 283, 297, 307 

— sanguinis, 283 

— vittatov, 303 

— vivax, 27 (Fig. 12), 287, 291, 304 
Trypanosomes, syngamy, 136 
Trypanosomidw, 268, 270 
Trypanotoxiu, 20 
Trypanozoon, 308 

Ultramiorosooplo stages, 306 
Unciform individuals, 466 
Undulating membrane, 66, 2C0, 286, 287, 
443 

UnduUna ranarum, 283 
Unicellular, 1, 3 
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Urccolarinw, 440 
UrhcomoflaRollat, 468 
Urnula, 467, 460 

evistylidis, 457 (Fig. 191), 4G0 
UrnulidcB, 460 

Urospora lagidis gametes, 174 (Fig. 79) 
Urosporidium, 424 
Urostyla, 440 

Vaccinia, 470 
Vacuole, 43 
Vaginicola, 440 
Vampyrella, 218 
— lateritia, 219 (Fig. 86) 

Variola, 470 

Vegetative cliromatin, 71 
Vermiform individuals, 455 
Vestibule, 433 
Volutin, 68 , 195, 289 
Volvocidm, 267, 275 
Volvox, 3, 131, 206, 267, 276 
Vorticella, 440, 441, 445, 446 


1 Vorticella microstoma, 172 (Fig. 78) 

! — monilata, 446 
Vorticellidas, 440 
I Vorticelliim, 440 

I Wagnerella, 48, 51. 92, 120, 245, 246, 248* 
1 — hwealis, 93 (Fig. 48), 247 (Fig. 102) 
Wrong hosts, 291 

Xonophya, 34, 238 
Xenophyophora, 218, 237 

Yaws, 467 
Yellow cells, 252 

; Zoochlorollfe, 15, 252 
; Zoomi/xrt, 243 
j Zoospore, 169, 262 
Zoosporidm, 218 
Zoothamnium, 440 
Zooxantholloe, 15, 252 
Zygote, 125 
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]^> Edward Arnold’s List of 

Tecbnical & Scientific Publications 

Extract from the LIVERPOOL DAILY POST: 

"During recent years Mr. Edward Arnold has placed in the hands of 
engineers and others interested in applied science a large number of volumes 
which independently altogether of their intrinsic merits as scientific works, 
are very fine examples of the printers’ and engravers’ art, and from thmr 
appearance alone would be an ornament ta an^ scientific student’s library. 
Fortunately for the purchaser, the publisher has shown a wise discrimination 
in the technical' books he has added to his list, with the result that the 
contents of the volumes are almost wiUiout exception as worthy of perusal 
and study as their appearance is attractive.” 
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An Introduction to Practical Physics : ^ 
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55 Figures. Crown 8vo. 3s. 6d. ^ 
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Five Places of Decimals). By J. B. Dale, M.A. 2s. net. 
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Solution of Equations. By G. M. Minchin, M.A., F.R.S., and J. 
Dale, M.A. 7s. 6d. net (inland postage 4d.). 

Graphs and Imaginaries By J. G. Hamilton, 

B.A., and F. Kettle, B.A, Crown 8vo., is. 6d. 

Homogeneous Co-ordinates. By W. P. Milne, 

M.A., D.Sc. , Mathematical Master, Clifton College. Crown 8vo,, 5s. net. 

An Introduction to Projective Geometry. By 

L. N. G. Filon, M.A. , F.R.S., Assistant Professor of Mathematics, 
University College, London. Crown 8vo., 7s. 6d. 

Vectors and Rotors (with Applications). By 

O. Henrici, Ph.D., F.R.S., LL.D., and G. C. Turner, B.Sc. 4.S. 6d. 

The Strength and Elasticity of Structural 

Members. By R. J. Woous, M.E., M.Inst.C.E. Second Edition. 
xii + 310 pages. Demy 8vo., los. 6d. net (inland postage 4d.). 
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The Theory of Structures, xii + 276 pages. 

Demy 8vo., los. 6d. net (inland postage 4d.). 

Reinforced Concrete Design. By 0 . P'aher, 

B.Sc., A.M.I.C.E., etc., Chief Engineer to Messrs. Trollope and Colls, 
Ltd. ; and P, G. Bowie, A.C.G.L, Assi.stant Engineer to Messrs. Trollope 
and Colls, Ltd. xx+332 pages. With 158 Illustrations. 12s. 6d. net 
(inland postage 5d.). 

The Calculus for Engineers. By John Perry, 

M. E., D.Sc., F.R.S., Professor of Mechanics and Mathematics in the 
Royal College of Science. Tenth Impression. Crown 8vo., 7s. 6d. 

The Balancing of Engines. By W. E. DalhV, 

M.A., B.Sc., M.Inst.C.E., M.I.M.E., Professor of Engineering, City and 
Guilds (Engineering) College. Second Edition. xii-f283 pages. 
Demy 8vo., los. 6d. net (inland postage 4d.). 

Valves and Valve Gear Mechanisms. By 

W. E. Dalby, M.A., B.Sc., M.Inst.C.E., M.I.M.E. xviii-f366 page! 
Royal 8vo., 21s. net (inland postage 5d.). 

Machine Sketches and Designs for Engineering 

Students. By A. Cruickshank, A.M.I.Mech.E., and R. F. McKay, 
M.Sc. Demy 4to., is. 6d. 

Petrol Engine Construction and Drawing, 

By W. E. Dommett, Wh. Ex., A.M.I.A.E., Admiralty Prizeman. 
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t Propeller Design. By John Morrow, M. Sc,, D.Eng. (Armstrong Col- 
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Steam Boilers and Boiler Accessories. I^y W. 

Inchley, B.Sc. , Lecturer in Electrical and Mechanical Engineering, 
University College, Nottingham. Fully illustrated. Crown 8vo., cloth. 

Heat Engines. By H. A. Gauratt. Assoc. M. Inst. 

C.E., M.I.N.A., Principal of the L.C.C. School of Engineering and 
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Heat and Steam. Notes and Examples on Steam 
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in Chemistry, University of Leeds, viii + 152 pages. 2s. Gd. net. 

A History of Chemistry. By Dr. Hutio Bauku, 

Royal Technical Institute, Stuttgart. Translated by R. V. Stankokd, 
B.Sc. (Lond.). Crown 8vo., 3s. 6d. net (inland postage 4d.). 
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M. Van Deventer. With a Preface by Dr. Van T Hoff. Translated 
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A.R.C.Sc. (Lond.), Lecturer on Botany and Zoology at the London 
School of Medicine for Women, and Demonstrator on Biology at the 
London* Hospital Medical College. Illustrated. Crown 8vo., 7s. Od. 

House, Garden, and Field. A Collection of 

Short Nature Studies. By L. C. Miall. 1-.R,S. viii |.3i6 pages. 
Crown 8vo., Gs. (inland postage 4d.). 

Animal Behaviour. By C. Lloyd Morgan, LL.D., 

F.R.S., Professor of Psychology in the University of Bristol. vHi + 344 
pages. ” Second Edition. 7s. 6d. net (inland postage 5d.), 

BY THE SAME AUTHOR. 


Psychology for Teachers. New Edition, entirely 

rewritten, xii + 308 pages. Crown 8vo., cloth, 4s. Od. 

An Introduction t6 Child-Study. By W. B. 

Drummond, M.B., C.M., Medical Officer and I^ctur^^^ 

on Hygiene to the Edinburgh Provincial Committee for the Training of 
Teachers. 348 pages. Crown 8vo.. Os. net (inland postage 4 d.). 

The Child’s Mind: its Growth and Training. 

By W. E. Urwick, M.A. Crown 8vo., cloth, .is. 6d. net. 



8 Mr, Edward Arnold' s Technical & Scientific Book 

ARNOLD’S GEOLOGICAL SERIES.^ 
The Geology of Coal and Coal-Mining. B 

Walcot Gibson, D.Sc., F.G.S. 352 pages. With Illustrations, 7s. 6< 
net (inland postage 4d.). 

The Geology of Ore Deposits. By H. H 

Thomas and D. A. MacAlister, of the Geological Survey of'>Gre; 
Britain. Illustrated. 7s, 6d. net (inland postage'4d.). 

The Geology of Building Stones. By J. Alle^ 

Howe, B.Sc., Curator of the Museum of Practical tTeology. Illustrafc.: 
7s. 6d. net (inland postage 4d.). 

The Geology of Water Supply. By H. B. Wood 

WARD, F.R.S. Illustrated. Crown yvo., 7s. Gd. net (inland postage 40. 

Geology of the Soil and Substrata. By H. B 

Woodward, F.R.S. Crown 8vo. [/« the Prc, 

A Text-Book of Geology. By P. Lake, M.A. 

Royal Geographical Society Ixcturer in Regional and Physical Geograph 
at the University of Cambridge; and R. II. Rastall, M.A.. iLCbS 
Demonstrator in Geology in the University of ('ambriclgc. Illustrate( 
Demy 8vo., iGs, net. 

The Dressing of Minerals. By Henry Louis 

M.A., Professor of Mining and Lecturer on Surveying, Armstrong College 
Newcastle-on-Tyne. .x + 544 pages. With 41C Illustrations, 30s. nSt., 

Traverse Tables. With an Introductor} 

Chapter on Co-ordinate Surveying. By Henry Louis, M.A., am 
G. W. Gaunt, M.A. Flexible cloth, 4s. 6d. net (inland postage 3d.). 

Oil-Finding: An Introduction to the Geologica 

Study of Petroleum. By E. H. Cunningham Craig, B.A., F.G.S.,^at( 
of H.M. Geological Survey. With an Introduction by Sir Bovertoi 
Redwood, Bart. 13 Plates, and 18 Illustrations. 8s. Cd, net. 

Winding Engines and Winding Appliances 

Their Design and Economical Working. By G. McCullocd 
A.M.I.M.E., Inspector of Machinery in the Department of Mines, WeS 
Australia; and T. Campbell Futer.s, M.I.M.E. Fully Illustrated 
Demy 8vo. [In the Pres. 

Mines and Minerals of the British Empire 

By Ralph S. G. Stokes, xx-t- 403 pages, 70 Illustrations. Demy 8vo. 
15s. net (inland postage 5d.). . 

Geological and Topograpnical Maps : theii 

Interpretation and Use. By A. R. Dwerryhouse, D.Sc., F.G.S, 
Lecturer in Geology in the Queen’s University of Belfast, viii -f- 133 pages 
with 90 Figures, 4s. 6d. net. 

LONDON : EDWARD ARNOLD, 41 & 43 MADDOX STREET, W 






